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CL- AND B- AMINO ACID H YDROX YET HYL AMINO SUL-ONAMT^c 
USEFUL AS RETROVIRAL PROTEASE INHIBITORS 

RELATEP APPLIgATIQH 

This application is a continuation ir. part appiicacicn z f 

-owned and co-pending PCT/US93 /07 S 14 , filed August 14, 
1993, which is a continuation in part application c z co- 
owned U.S. patent application Serial No. 076/93 4,9 34 
filed August 25, 1992, now abandoned. 

BACKGROUND OF THE jflVEflTXQM 

1, FigAfl of iae ^yenticr- 

The, present invention relates to retroviral 
protease inhibitors and, more particularly, relates to 
novel compounds and a compos it ion and method for 
inhibiting retroviral proteases. This invention, in 
particular, relates to suif onamide-ccntaining 
hydroxyethylamine protease inhibitor compounds, a 
composition and method for inhibiting retroviral 
proteases such as human immunodeficiency virus (HIV) 
protease and for treating a retroviral infection, e.g., 
an HIV infection. The subject invention also relates to 
processes for making such compounds as well as to 
intermediates useful in such processes. 

2 T Rel&tefl Art; 

During the replication cycle of retroviruses, 
gag and gag-pol gene products are translated as proteins. 
These proteins are subsequently processed by a virally 
encoded protease (or proteinase) to yield viral enzymes 
and structural proteins of the virus core. Most 
commonly, the gag precursor proteins are processed into 
the core proteins and the pol precursor proteins are 
processed into the viral enzymes, e.g., reverse 
transcriptase and retroviral protease. It has been shown 
that correct processing zi the precursor proteins by the 



retroviral protease is necessary for assembly of 
:nfec:;:us -'irons. For example, has been shown 
frameshift rjcacicr.s in the protease region of one pol 
gene cf HIV prevents processing of one gag precursor 
prooein. It has also been shewn through site-.iireoted 
mutagenesis of an aspart ic acid residue in the HIV 
protease that processing of the gag precursor protein is 
prevented. Thus, attempts have been made to inhibit 
viral replication by inhibiting the action of retroviral 
proteases . 

Retroviral protease inhibition may involve a 
transition-state rtimet ic whereby the retroviral protease 
is exposed to a mimetic compound which binds to the 
enzyme in competition- with the gag and gag-pol proteins 
to thereby inhibit replication of structural proteins 
and, more importantly, the retroviral protease itself. 
In this manner, retroviral replication proteases can be 
effectively inhibited. 

Several classes of compounds have been 
proposed, particularly for inhibition of proteases, such 
as for inhibition of HIV protease. Such compounds 
include hy dr o xy e t hy i am me isosteres and reduced amide 
isosteres. See, for example, E? 0 346 347; EP O 342,541; 
Roberts et al, "Rational Design of Peptide-Based 
Proteinase Inhibitors, "Science, 248, 358 \1990); and 
Erickscn et al, "Design Activity, and 2.8A Crystal 
Structure of a C2 Symmetric Inhibitor Complexed to HIV-1 
Protease," Science, 249, 527 (1990). 

Several classes of compounds are known to be 
useful as inhibitors of the proteolytic enzyme renin. 
See, for example, U.S. Mo. 4,599,198; U.K. 2,134,730; 
3.5. 2,209,752; E? O 254 795; G.5. 2,200,115 and U.S. SIR 
H725. Zt these, 3.B. 2,200,115, GB 2,209,752, EP O 
254,795, U.S. SIR H725 and U.S. 4,599,198 disclose urea- 



containing hydroxyethy iamine renin inhibitors. Z? ^53 
-541 discloses renin inhibitors and intermediates for the 
preparation of the inhibitors, which include sulionami.de- 
containmg hydroxyethy iamine compounds, such as Z-.t- 
butoxycarbonyl . am i nc - cy c 1 o h e xy 1 - 1 - • phenyl suifcnyl : ainir.c- 
1(5) -butanol . 3.3. 1,200,115 also discloses suifamoy 1 - 
containing hydroxyethy Iamine renin inhibitors, and E? 
0264 795 discloses certain sulf onamide-containing 
hydroxyethy Iamine renin inhibitors. However, it is known 
that , although renin and HIV proteases are both 
classified as aspartyi proteases, compounds which are 
effective renin inhibitors generally cannot be predicted 
to be effective HIV protease inhibitors. 

BRIEF DESCRIPTION QF THE INVENTION 

The present invention is directed to virus 
inhibiting compounds and compositions. More 
particularly, the present invention is directed to 
retroviral protease inhibiting compounds and 
compositions, to a method of inhibiting retroviral 
proteases, to processes for preparing che compounds and 
to intermediates useful in such processes. The subject 
compounds are characterized as sulfonamide -containing 
hydroxyethy Iamine inhibitor compounds . 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the present invention, there 
is provided a retroviral protease inhibiting compound of 
the formula: 
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or a pharmaceutical^ accepcabie salt, prodrug cr ester 
thereof wherein: 

R represents hydrogen, aikoxycarbonyl , aralkoxycarbonyl , 
alkylcarbcnvi , cycioaikvicarbcnvi , 

cycioaikyiaikoxycarbonyi, cycicaiky ialkanoyl , aikanoyl, 
aralkanoyl, aircyi, ary ioxycarbonyl , aryloxycarbonylalkyl , 
aryloxyalkanoyi , hecerocyclyicarbonyi , 
heterocyclyloxycarbonyi , hecerocycly Ialkanoyl , 
heterocyclylalkoxycarbonyi , heceroaralkanoyl , 
heteroaralkoxycarbonyi , heteroaryloxycarbonyl , 
heteroaroyl, alkyl , aikenyl, aikynyl, cycloalkyl, aryl, 
aralkyl, aryioxyaikyi , hecercaryloxyaikyl , hydrcxyalkyl , 
aminocarbonyi , aminoaikanoyi , and mono- and disubstituted 
aminocarbonyi and mono- and disubst icuced aminoaikanoyi 
radicals wherein -he subscicuer.es are selecced from 
aikyi, aryl, aralkyl, cycloaikyi, cycioalkylalkyi , 
heceroaryl, hetercaraikyl , hecerocycioalkyl , 
heterocycloalkyaikyl radicals, cr where said 
aminocarbonyi and aminoaikanoyi radicals are 
disubstituted, said substituents along with the nitrogen 
acorn to which they are attached form a heterocycloalkyl 
or heteroaryl radical; 

?.' represents hydrogen, radicals as defined for ?.3 or 
R"S0 2 - wherein ?.•• represents radicals as defined for r3 ; 
or P. and R< together with the nitrogen to which -.hey are 
attached represent heterocycicaikyl and heteroaryl 
radicals; 



represents hydrogen, - IH2SG2MH2 , -CK2CC2CK3 , -:2?CH], 
-:CNH2, -CH2C f .O)MHCK3 , -•: ' CH_. , . ;SH) , -C ;CH3 / 2 SCH3 

-: . CH3 ;• 2 ^ [C]CH3 ) , -2 ;CH3 ; 2 ; .S [0] 2CK3 ; , aikyi , haicaikyl. 
aikenyi, aikynyi and cycioaikyi radicals, and amine -tie 
sice chains selected from asparagine, S -methyl cysteine 
and the sulfoxide ■ SO) and suifone • SO2 ) derivatives 
thereof, isoieucine, alio -1 so leucine , alanine, leucine , 
tert - leucine , phenylalanine , ornithine , — hist idine , 
nor leucine, giutamine, threonine, glycine, alio- 
threonine, serine, O-alkyi serine, aspartic acid, beta- 
cyano alanine and valine side chains; 

?>' and ?.l" independently represent hydrogen and radicals 
as defined for, Rl> or one of Rl ' and Rl" # together with 
?.i and the carbon atoms to which Rl, Rl ' and Rl " are 
attached, represent a cycioaikyi radical; 

R2 represents alkyi , aryi , cycioaikyi, cycloalkylalkyl 

and aralkyi radicals, which radicals are optionally 

substituted with a group selected from alkyi and halogen 
radials, -NO2 , -CN. -CF 3 , -OR* and -SR9 , wherein r9 

represents hydrogen and alkyi radicals, and halogen 
radicals ; 

represents hydrogen, aikyi, haloaikyl, aikenyi, 
aikynyi, hydroxyaikyi , alkoxyaikyl, cycioaikyi, 
cycloalkylalkyl , heterocycloaikyl , heteroary 1 , 
heterocycloaikylalky 1 , aryl, aralkyi, heteroaralkyi , 
aminoalkyl and mono- and disubstituted aminoalkyl 
radicals, wherein said substituents are selected from 
aikyi, aryl, aralkyi, cycioaikyi, cycloalkylalkyl, 
heteroaryl, heteroaralkyi, heterocycloaikyl, and 
heterocycloaikylalky 1 radicals, or in the case of a 
disubstituted aminoalkyl radical, said substituents along 
with the nitrogen atom to which they are attached, form a 
heterocycloaikyl or a heteroaryl radical; 



) 



?A represents radicals as defined by r3 except fcr 
hydrogen : 

R° represents hydrogen and aikyl radicals; 

:c represents G, 1 :r 2; 

t represents either 0 or 1; and 

Y represents O, S and NRi5 wherein R 15 represents 
hydrogen and radicals as defined for R^ 

A family cf compounds zz particular interest 
within Formula I are compounds embraced by Formula II: 




(II) 



R 1 OH R 3 



wherein: 

R represents hydrogen, aikoxycarbonyi , araikcxycarbony 1 , 
alky I carbonyl , eye 1 oa iky 1 carbony 1 , 

cycloaikylaikoxy carbonyl , cyclcaiky lalkanoyi , aikanoy 1 , 
aralkanoyl , aroy 1 , aryloxy carbonyl , arylcxycarbonylalkyi , 
aryloxyaikanoyl , heterocyciylcarbonyl , 
heterocyclyloxycarbony 1 , heterccyclylalkanoy 1 , 
heterccycly lalkoxycarbony 1 , heteroaralkanoy 1 , 
hetercaralkoxycarbony 1 , heteroary loxy-carbony 1 , 
hetercaroyl, aikyl, alkenyl, cycloalkyi, aryi, aralkyl, 
arylcxyalkyi , heteroary ioxyalkyl , hydroxyaikyi , 
aminocarbonyl , aminoalkanoyl , and mono- and disubstituted 
aminocarbonyl and mono- and disubstituted aminoalkanoyl 
radicals wherein the substituents are selected from 
aikyl, aryl, aralkyi, cycloalkyi, cycloaikyiaikyl , 
hetercaryl , net er oar alky 1 , he t ere cycloalkyi , 
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heterpcycioaikyaikyi radicals, or where said 
ami n o a I kanoy I radical is disubstituted, said suosci:uen:s 
along with "he r.izroger. acorn oo which they are attached 
form a heterocycioaiky 1 or heteroaryi radical; 

R ' represents hydrogen and radicals as defined for r3 cr 
R and R* together with one nitrogen co which they are 
attached represent heterocycioalkyi and heteroaryi 
radical; 

Rl represents hydrogen, -CH2SO2NH2, -CH2CO2CH3 , -CO2CH3 , 
-CONH2, -CH2C ' C i NHCH3 , -C(CH^i 2 (SH) , -C (CH3 ) 2 (SCH3 ) , 

-C (CH3 ) 2 ''S[C]CH2 ) , -C !CH3 1 2 . S[0] 2CH3 ) . aikyl , haioaikyi, 
alkenyi, alkynyi and cycicaikyl radicals, and amino acid 
side chains selected from asparagine , S -methyl cysteine 
and the sulfoxide (SO) and sulfone (SO2) derivatives 
thereof, isoleucine, aiio-isoleucine, alanine, leucine, 
tert -leucine , phenylalanine , ornithine , histidine , 
norleucine, glutamine, threonine, glycine, allo- 
threonine, serine, O-methyl serine, aspartic acid, beta- 
cyano alanine and valine side chains; 

r2 represents alky I , aryi, cycioaikyl, cycioaikyiaikyi 
and araikyi radicals, which radicals are optionally 
substituted with a group selected from aikyl and halogen 
radials, -MO 2 , -C=N, CF, , -OR9 ■ -SRS, wherein r9 

represents hydrogen and alkyi radicals; 

r3 represents aikyl, haloalkyl, alkenyi, alkynyi, 
hydroxyalkyi, alkoxyaikyl, cycioaikyl, cycioaikyiaikyi, 
heterocycioalkyi , heteroaryi , heterocycioalkyialkyi , 
aryi , araikyi, heteroaralkyi , aminoalkyl and mono- and 
disubstituted aminoalkyl radicals, wherein said 
substituents are selected from. aikyl, aryi, araikyi, 
cycioaikyl , cycioaikyiaikyi , heteroaryi , heteroaralkyi , 
heterocycioalkyi, and heterocycioalkyialkyi radicals, or 
in the case of a disubstituted aminoalkyl radical, said 
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substituents along w i t h the nitrogen accm zc which they 
are accached, fcrm a heterocycioalkyi :r a hetercaryl 
radical ; . and 

?> represents radicals as defined by ?.3 . 

A more preferred family of compounds within 
Formula II consists of compounds wherein: 

R represents hydrogen, aikoxycarbonyi , aralkoxycarbonyl , 
alkylcarbonyl , cycioaikyicarbonyl , 

cycloalkyl aikoxycarbonyi , cycioalky ialkanoyi , aikanoy 1 , 
aralkanoy 1 , arcy 1 , ary lory car bony! , aryioxycarbcnyiaikyi , 
aryloxyalkanoy 1 , heterocyclyicarbonyl , 
heterocycly ioxycarbony 1 , heterocyciylalkanoyl , 
heterocyclyialkoxycarbcnyl , heteroaralkanoyl , 
heteroaralkoxycarbony 1 , heteroaryloxy-carbonyl , 
heteroaroyi, alkyl, alkenyl, cycloalkyl, aryl, aralkyl, 
aryloxyalky 1 , heteroaryioxyalkyl , hydroxyalkyl , 
aminocarbonyl , aminoalkanoyl , and mono- and disubstituted 
aminocarbonyl and mono- and disubstituted aminoalkanoyl 
radicals wherein the substituents are selected from 
alky 1 , aryl, aralkyl, cycloalkyl, cycioalkyiaikyi , 
heteroaryi , heteroaraikyi , heterocycioalkyi , 
heterocycloalkyaikyl radicals, or where said 
aminoalkanoyl radical is disubstituted, said substituents 
along with the nitrogen atom to which they are attached 
form a heterocycioalkyi or heteroaryi radical; 

R' represents hydrogen and radicals as defined for r3 or 
R and R 1 together with the nitrogen to which they are 
attached represent heterocycioalkyi and heteroaryi 
radical; 

Ri represents CH 2 C (O) NHCH 3 , C (CH 3 ) 2 i SCH 3 ) , 

C !CH 3 ) 2 (S[C]CH 3 ) , Z (CH 3 ■ 2 (S [C] 1CH3 ) , aikyl, alkenyl and 

aikynyi radicals, and amino acid side chains selected 



i rem the group consisting z t ascaracir.e, valine, 
threonine , alio -threonine , isoleucine , tert - leucine , 
3-methyi cysteine and the suifene and sulfoxide 
derivatives thereof, alanine, and alio- isoleucine ; 

?.2 represents alkyl, cycioaikyialkyi and araikyl 
radicals, which radicals are optionally substituted with 
halogen radicals and radicals represented by the formula 
-OR 3 and -Sr9 wherein r3 represents alkyl radicals; and 

r3 and R 4 independently represent alley! , alkenyl, 
alkoxyaiky 1 , cycloalky! , cycioaikyialkyi , 
heterocycioaikyl , heterocycioalkylalkyi , aryl , araikyl 
and heteroaraikyl radicals. 

Of highest interest are compounds within 
Formula II wherein 

R represents alkoxycarbonyl , aralkoxycarbony 1 , 
alkylcarbonyl , cycioaikylcarbonyl , 

cycloalky laikoxycarbonyi , cycloalky ialkanoyl , alkanoy 1 , 
aralkanoy 1 , aroy 1 , ary loxycarbonyi , ary ioxycarbonylalky 1 
aryioxy alkanoy 1 , he t e r o cy c iy 1 c arbony 1 , 
heterocyclyiexycarbonyi , he t ere eye ly ialkanoyl , 
heterocyclyialkoxycarbonyl , heteroaralkanoyl , 
he ter oar alkoxycarbonyl , net e r c ary 1 oxy - c ar bony 1 , 
heteroaroyl, aminocarbonyl, ammoalkanoyl , and mono- and 
disubstituted aminocarbonyl and mono- and disubstituted 
aminoalkanoyl radicals wherein the substituents are 
selected from alkyl, aryl, araikyl, cycloalkyl, 
cycioaikyialkyi , heteroaryl , heteroaraikyl , 
heterocycioaikyl, heterocycloaikyalkyl radicals, or wher 
said aminoalkanoyl radical is disubstituted, said 
substituents along with the nitrogen atom to which they 
are attached form a heterocycioaikyl or heteroaryl 
radical; 



) 



?. ' represents hydrogen and radicals as defined for ?.3 
?. and ?. 1 together v;::r. the nitrogen :d which they are 
attached represent: heterocycloaikyl and hecercaryi 
radical ; 



represents CH 2 C ; 2 :• MHCH3 , : ; CH3 i 2 ■ SCH3 ) , 
c:CK3)2 , -5[0]CE3/ , C : CH3 1 2 I S [ C ] 2 CH 3 / , methyl, propargyi, 
t -butyl , iscpropyl and sec-butyl radicals, and amino acid 
side chains selected from the group consisting of 
asparagine, valine, S-methyl cysteine, allo-iso-leucine , 
iso-leucine, and beta-cyano alanine side chains; 

R2 represents CH3SCK2CH? - - iso-butyi. n- butyl , benzyl, 
4-f luorcbenzyi , 2 -naphthyimechyl and cyclohexylmethy 1 
radicals; 

R3 represents isoamyi, n-butyl, isobutyl and cyclohexyl 
radicals; and 

R4 represents phenyl, substituted phenyl and methyl 
radicals . 

Another family of compounds of particular 
interest within Formula Z are compounds embraced by 
Formula III: 




( III ) 



wherein: 

R represents hydrogen, alkoxycarbonyl , aralkoxycarbonyl , 
alkyicarbonyl , cycioaikylcarbonyl , 

cycloaikyialkoxycarbonyl , cycloalky lalkanoyl , alkanoy 1 , 
araikancyi , aroy 1 , aryloxycarbonyl , aryloxycarbonyiaikyl , 
aryioxyaikanoyl , he t e r o cy c iy 1 c arbony 1 , 
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heterocyciyioxycarbony i . hecerocyciy lalkanoyi , 
heterccyciyiaikcxycarbcnyi , heteroaraikancyi , 
heteroaraikoxycarbonyl , heteroaryicxy-carbcny. , 
heteroaroy i , aikyi, aikenyi, cycioaikyi, aryl, araikyl, 
aryioxyaikyi , heceroaryioxyaikyi , hydrcxyaikyi , 
aminocarbonyl , aminoaikanoyl , and mono- and disubscicuced 
amino carbonyl and mono- and disubscicuced aminoaikanoyl 
radicals wherein che substicuents are selected from 
alky 1 , aryl, araikyl , cyclcalkyl, cycloaikyiaikyi , 
heteroaryl , heceroaralkyi , hecerocycioaikyl , 
heterocycloalkyaikyl radicals, or where said 
aminoaikanoyl radical is disubstituced, said subscicuents 
along with che r.i:rcgen acorn cc which -hey are accached 
form a hecerocycioaikyl cr heceroaryl radical; 

R' represencs hydrogen and radicals as defined for ?.3 or 
R and R' cogecher wich che nicrogen to which chey are 
actached represent hecerocycioaikyl and heteroaryl 
radical ; 

Rl represents hydrogen, -CH2SO2NH2, -CH2CC2CH3 , -CC2CH3 , 
-CCNH2 # -CH 2 C (C) HHCH3 , -C (CH. } 2 (SH) , -C (CH3 ) 2 (SCK3 ) , 

-C(CK3) 2 !3[0]CK: • , -C(CK3) 2 :S[0]2CH 3 ) , aikyi, haloaikyl, 
aikenyi, aikynyl and cycioaikyi radicals, and amino acid 
side chains seiecced from asparagine, S-mechyl cysteine 
and the sulfoxide (SO) and sulfone ' £02 ; derivatives 
thereof, isoleucine, alio-isoleucine , alanine, leucine, 
tert - leucine , phenylalanine , ornithine , histidine , 
norleucine, glucamine, chreonine, glycine, allo- 
threonine, serine, asparcic acid, beta-cyano alanine and 
valine side chains; 

R2 represents aikyi, aryl, cycioaikyi, cycloaikyiaikyi 
and araikyl radicals, which radicals are optionally 
substituted with a group seiecced from aikyi and halogen 
radicals, -MO2 , -C=N, CF, -OR* - -SF.3 , wherein rS 

represencs hydrogen and aikyl; 



?.3 represents alky i , haicaikyi, aiker.yi, aikynyi, 
hydrcxyaikyi , alkoxyaikyi , cycioaikyi , cycloaiky lalkyi , 
heterccyclcalkyi , hecercaryl , heterccycicaikyiaikyi , 
aryl, araikyl , hetercaralkyi . aminoalkyi and mono- and 
disubstituted aminoalkyi radicals, wherein said 
substituents are selected from alky 1 , aryl, araikyl. 
cycioaikyi , cycioaikyi alky 1 , heteroaryi , he tero araikyl , 
heterocycloalkyl, and heterocycloalkylalkyl radicals, or 
in the case of a disubstituted aminoalkyi radical, said 
substituents along with the nitrogen atom to which they 
are attached, form a heterocycloalkyl or a heteroaryi 
radical; and 

r4 represents radicals as defined by % . 

A more preferred family of compounds within 
Formula III consists of compounds wherein 

R represents hydrogen, alkoxycarbonyi , aralkoxycarbonyl , 
alky lcarbonyl , cycloaikyicarbonyi , 

cycioaikyi alkoxycarbonyi , cycloaiky ialkanoyl , aikanoy 1 , 
araikanoyl , aroy 1 , aryicxycarbonyi , ary ioxycarbcr.yiaikyl , 
ary ioxyaikanoyi , heterccyciyicarbonyi , 
heterocyciy ioxycarbonyi , heterocyclyialkanoyl , 
het ero eye lyialkoxy car bony 1 , heteroaralkanoyi , 
hetercaralkoxycarbonyi , heteroaryloxy-carbonyl , 
heteroaroyl, alkyl, aikenyl, cycioaikyi, aryl, araikyl, 
aryloxyalky 1 , heteroaryioxyalky 1 , hydroxyalky 1 , 
aminocarbonyl , aminoaikanoy 1 , and mono- and disubstituted 
aminocarbenyl and mono- and disubstituted aminoaikanoy 1 
radicals wherein the substituents are selected from 
alkyl, aryl, araikyl, cycioaikyi, cycloaiky lalkyi , 
heteroaryi , heteroaraikyi , heterocycloalkyl , 
heterocycioalkyaikyi radicals, cr where said 
aminoalkanoyl radical is disubstituted, said substituents 
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along with the nitrogen acorn to which "hey are attached 
form, a heterccyclealky i :r heteroaryi radical; 

represents hydro gen and radicals as defined for :r 
and ?. 1 Together with the nitrogen which they are 
attached represent heterccycioaikyi and heteroaryi 
radical; 

Rl represents hydrogen, alkyl and alkenyl radicals,, and 
amino acid side chains selected from the group consisting 
of asparagine, valine, threonine, allo-threonine, 
isoleucine, tert -leucine , S -methyl cysteine and the 
sulfone and sulfoxide derivatives thereof, alanine, and 
alio- isoleucine ; 

r2 represents alkyl, cycioalkylalkyl and aralkyl 
radicals, which radicals are optionally substituted with 
halogen radicals and radicals represented by the formula 
-OR 9 and -SR 5 wherein R 9 represents hydrogen and alkyl 
and halogen radicals; and 

r3 and R 4 independently represent alkyl, alkenyl, 
aikoxyalkyi , cycioalkyi, cycioalkylalkyl, 
heterocycloaikyl , he t ere cycioalkylalkyl , aryi , aralkyl , 
heteroaryi and he ter oar alkyl radicals. 

Of highest interest are compounds within 
Formula III wherein 

R represents hydrogen, aikoxycarbonyl , aralkoxycarbonyl , 
alky lcarbonyi , cycloalkylcarbonyl , 

cycloalky laikoxycarbonyl , cycloaiky lalkanoyl , alkanoy 1 , 
aralkanoy 1 , aroyl , aryloxycarbonyl , aryloxycarbony lalk/i , 
aryloxyalkanoy 1 , heterocyciylcarbony 1 , 
heterocyciyloxycarbonyl , heterocyclyialkanoyl , 
heterccyciy laikoxycarbonyl , heteroaralkanoyi , 
heteroaraikcxycarbonyi , heteroaryioxy-carbohy 1 , 
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heteroarcyl , aminccarconyi, amir.calkancyl , and rr.ono- and 
disubstituted aminocarbony 1 and r.ono- and disubstituted 
aminoaikanoyl radicals wherein the subs:i*uen"s are 
selected from aikyi, aryi, araikyl , cyclcaikyi , 
cycloalky iaiky i , heteroaryi , hetercaralky 1 , 
heterocycloalky 1 , heterocycioaikyaikyi radicals, or where 
said aminoaikanoyl radical is disubstituted, said 
substituer.es along with the nitrogen atom to which they 
are attached form a heterocycloalky 1 or heteroaryi 
radical ; 

R ' represents hydrogen and radicals as defined for R 3 or 
R and ?. ' together with the nitrogen to which they are 
attached represent heterocycloalky! and heteroaryl 
radical ; 

Rl represents hydrogen, methyl, propargyl, t-butyl, 
isopropyi and sec-butyl radicals, and amino acid side 
chains selected from the group consisting of asparagine, 
valine, S-methyl cysteine, allo-iso-leucine , iso-leucine, 
threonine, serine/ aspartic acid, beta-cyano alanine, and 
allo-threomne side chains; 

r2 represents CH3SCH2CH? - , iso -butyl , n- butyl , benzyl, 
4 - f luorcbenzy 1 , 2 -naphthy imethy 1 and cyciohexy Imethyl 
radicals; and 

R 3 represents alkyl, cyclohexyl, isobutyl, isoamyl, and 
n-butyl radicals; and 

R 4 represents methyl, phenyl and substituted phenyl 
radicals wherein the substituents are selected from halo, 
alkoxy, hydroxy, nitro and amino substituents. 

Another family of compounds of particular 
interest within Formula I are compounds embraced .by 
Formula IV: 




( IV) 



wherein: 

5 . R represents hydrogen, aikoxycarbonyl , araikoxycarbonyi , 
alky Icarbonyl , cycioalkyicarbonyl , 

cycloalkylalkoxycarbonyl , cycloalky lalkanoyl , alkanoy I , 
aralkanoy 1 , aroyi , ary ioxycarbony 1 , aryloxycarbonylalkyl , 
ary loxy alkanoy i , hecerocyciy Icarbonyl , 

13 hecerocyciy ioxycarbony! , hecerocyciy lalkanoyl , 
heterocyciyiaikcxycarbony i , heceroaraikanoyl , 
heteroaralkoxycarbony 1 , het eroary loxy-carbony 1 , 
heteroaroyi, aikyi, alkenyi , cycloalkyl, aryl, ar aikyi, 
aryloxyalkyl , het eroary loxy aikyi , hydroxy alky 1 , 

15 aminocarbonyl , aminoalkanoyl , and mono- and disubstituted 
aminocarbonyl and mono- and di substituted aminoalkanoyl 
radicals wherein the substituents are selected from 
aikyi, ary i , aralkyl , cycloalkyl, cycloalkyialkyl , 
heteroaryi , heteroaraiky 1 , hecerocycloaikyi , 

20 he terocycloalky aikyi radicals, or where said 

aminoalkanoyl radical is di substituted, said substituents 
along with che nitrogen atom to which they are attached 
form a heterocycicalky 1 or heteroaryi radical; 

25 R ' represents hydrogen and radicals as defined for r3 or 
R and R' together with the nitrogen to which they are 
attached represent heterocycioalkyl and heteroaryi 
radical; 

30 R 1 represents hydrogen, -CK2SO2NH2, -CH2CO2CH3 , -CO2CH3, 
-CONH2, -CH2C (OMHCH3, -C(CH, >„(SH) , -C (CH3 ! 2 (SCH3 ) , 

— Art 

-C (CH3 ) 2 (S [OlCK; . , -C (CH3 ) 2 ! .S [O] 2CH3 ) , alkyl, halcaikyl, 
alkenyi, alkynyi and cycloalkyl radicals, and amino acid 
side chains selected from asparagine, S -methyl cysteine 



) 



and the sulfoxide £C and suifone SC-2 1 derivatives 
"hereof, iscleucine, allc-iscieucir.e . alanine, leucine, 
tert - leucine , phenylalanine , ornithine , histidine . 
nor leucine , glut amine , threonine, glycine, alio- 
z "hreonine, serine, aspartic acid, ceta-cyano alanine and 
valine side chains; 

Rl ' and Ri" independent:!:/ represent: hydrogen and radicals 
as defined for Rl* or one of Rl ' and Rl " , together with 
10 Rl and the carbon atoms to which Ri, Rl ' and Rl" are 
attached, represent a cycioalkyl radical; 

r2 represents alky 1 , ary 1 , cycioalkyl, cycioalkyiaiky 1 
and araikyi radicals, which radicals are optionally 
15 substituted with a group selected from alkyi and halogen 
radiais, -NO2 , -C=N, CF. , -0R3 and -SR9, wherein F.9 

represents hydrogen and alkyi radicals; 

R3 represents alkyi, haioalkyl, alkenyl, aikynyl, 
20 hydroxyalkyi, alkoxyaikyi, cycioalkyl, cycioalkyiaiky 1 , 
heterocycloalky 1 , heteroary 1 , heterocycloalky laikyi , 
ary 1 , araikyi, hetercaraikyl , aminoaikyl and mono- and 
di substituted aminoaikyl radicals, wherein said 
substituents are selected from alkyi, ary 1 , araikyi, 
25 cycioalkyl, cycioalkyiaiky 1 , heteroary! , heteroaraikyl, 
heterccycloalkyl , and heterocycloalky laikyi radicals, or 
in the case of a disubstituted aminoaikyl radical, said 
substituents along with the nitrogen atom to which they 
are attached, form a heterocycloalky! or a heteroary 1 
3 0 radical; and 

R4 represents radicals as defined by R3 . 

A more preferred family of compounds within 
2 5 Formula IV consists of compounds wherein 



R represents an aryiaikancyi , heteroarcyi , 
aryicxyaikancyl , aryioxy car beryl , alkancy 1 . 
amine carbcnyi , monc-substi cuted anunoaikancyi , or 
disubsti tuted ammoaikancy i , :r r.ono-cr 
diaikyiaminccarbenyi radical.; 

R ' represents hydrogen ana radicals as defined for r3 zr 
R and R' together with the nitrogen to which they are 
attached represent a heterocycioaikyl or heteroaryi 
radical; 

R 1 ' R x ' and R- " independently represent hydrogen and 
alky i radicals having f rem _ to about 4 carbon atoms, 
alkenyi, aikyi^yl, aralkyi radicals, and radicals 
represented by the formula -CH2C : C ) R" or -C (O ) R" wherein 
R 11 represents R38, -nr3 3p3 9 and 0R38 wherein r38 a nd R 39 
independently represent hydrogen and alkyl radicals 
having from 1 to about 4 carbon atoms; 

r2 represents alkyl, cycioalkyl alkyl and< aralkyi 
radicals, which radicals are optionally substituted with 
halogen radicals and radicals represented by the formula 
-OR ^ and -SR- v/herein R^ represents hydrogen and alkyl 
radical?; and 

r3 and R 4 independently represent alkyl, alkenyi, 
alkoxyalkyl , cycioalkyl , cycloaikylalkyi , 
heterocycioaikyl , heterocycioaikyialkyl , aryl , aralkyi , 
hetercaryl and heteroaralky 1 radicals. 

Of highest interest are compounds of Formula IV 

wherein: 

R represents an aryialkanoyl , .aryioxy car bony 1 , 
aryloxyalkanoyl , alkanoy i , aminccarbonyi , mono- 
substituted aminoalkanoy 1 , or di substituted 
aminoaikanoyi , or mono -or diaikyiaminocarbonyi- radical; 



) 



) 



?.* represents hydrogen and radicals as defined fcr or 
?. and R ' together wich the r.icrogen ~c v;hich they are 
attached represenc a heterccycloaikyi :r heterc-aryi 
radical ; 

?>' ' and ?.-" independently represent hydrogen, methyl, 
ethyl, benzyl, phenyipropyi and prcpargyi radicals; 

P.2 represents CH3 SCH2CH2 - / iso-butyi, n-butyl, benzyl, 
4-f luorobenzyi , 2 -naphthyl methyl and cyclohexylmethyl 
radicals; 

r3 represents alkyi, cyclohexyl , isobutyl, isoamyl and 
n-butyi radicals; and 

r4 represents methyl, phenyl and substituted phenyl 
radicals wherein the substituents are selected from halo, 
alkoxy, amino and nitro substituents. 

As utilized herein, the term "alkyi", alone or 
in combination, means a straight-chain or branched-chain 
alky 1 radical containing from 1 tc about 10 carbon atoms, 
preferably from 1 tc about 2 carbon atoms, more 
preferably 1-5 carbon atoms. Examples of such radicals 
include methyl, ethyl, n-propyl, isoprcpyl, n- butyl , 
isobutyl, sec-butyl, tert-butyl, pentyi, iso-amyl, hexyi, 
octyl and the like. The term "alkenyl", alone or in 
combination, means a straight-chain or branched-chain 
hydrocarbon radial having one or more double bonds and 
containing from 2 to about 13 carbon atoms, preferably 
from 2 to about 3 carbon atoms, more preferably from 2 to 
about 5 carbon atoms. Examples of suitable alkenyl 
radicals include ethenyi , propenyi, alkyi, 1 , 4 -butadieny 1 
and the like. The :erm " aikynyl", alone or in 
combination, means a straight-chain or branched chain 
hydrocarbon radical having one or more triple bonds and 



containing from I cc about 13 carbon acorns, more 
preferably from 2 cc about: 5 carbon acorns. Examples zz 
aikyr.yi radicals include echyr.yi , propynyl, propargy _ , 
bucynyi and che like. The cam "aikoxy " . alone or :r. 
combination, means an aikyi ether radical wherein che 
cerm aikyi is as defined above. Examples of suicable 
aikyi ether radicals include methoxy, echoxy , n-prcpcxy, 
isopropoxy, n-butoxy , iso-butcxy , sec-butoxy, cerc-bucoxy 
and che like. The cerm " cycioalkyl " , alone or in 
combination, means a saturated or partially saturated 
monocyclic, bicyciic or tricyclic aikyi radical wherein 
each cyclic moiety contains from about 2 to about 8 
:arbon atoms, rr.ore preferably from about 3 co about 6 
carbon atoms, and is cyclic. Examples of such cycioalkyl 
radicals include eye lop ropy! , cyclobutyl , cyclopentyi, 
cyciohexyl and che like. The term " cycioalkyialkyl " 
means an aikyi radical as defined above which is 
substituted by a cycioalkyl radical as defined above. 
The term "aryl", alone or in combination, means a phenyl 
or naphthyl radical which optionally carries one or more 
substituents selected from aikyi, aikoxy, halogen, 
hydroxy, amino, nicro, cyano , haloaikyi, carboxy, 
aikcxycarbonyi , cycioalkyl, heterocyclcaikyi , amido, mono 
and dialkyi substituted amino, mono and iiaikyi 
substituted amido and the like, such as phenyl, p-toiyi, 
4 -me thoxypheny 1 , 4 - ( t ert -but oxy ) phenyl , 4 - f iuor opheny 1 , 
4-chlorophenyl, 4-hydroxyphenyi , 1 -naphthyl , 2 -naphthyl , 
and che like. The terms "aralkyl" and "ar aikoxy" , alone 
or in combination, means an aikyi or aikoxy radical as 
defined above in which at least one hydrogen atom is 
replaced by an aryl radical as defined above, such as 
benzyl, benzyloxy, 2 -phenylethyl , dibenzy Imethy 1 , 
hydroxyphenylmethyl, methylphenyimethyl , and the like. 
The cerm " aralkoxy carbonyl", alone or in combination, 
means a radical of the formula -C (o ) -O-aralkyl in which 
che cerm "aralkyl" has che significance given above. 
Examples of an aralkoxy carbonyl radical are 
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ber.zyicxycarbony I and methy Iphenyimethcxycarbony I . The 
-err. " aryioxy " means a radical zt "he formula aryl-C- in 
which "he term aryl has "he significance given above. 
The ~erm " aikanoyi " , alone cr m combmacicn, means an 
5 acyi radical derived from an aikane car boxy lie acid, 
examples of which include acetyl, propionyl, butyryi, 
vaieryi , 4 -mechy ivaieryi , and "he like. The term 
" cycloaikylcarbonyi " means an acyl group derived from a 
monocyclic or bridged cycioaikanecarboxyiic acid such as 

10 cyclopropanecarbony 1 , cyclohexanecarbonyi , 

adamantanecarbonyi , and the like, or from a benz- fused 
monocyclic cycioaikanecarboxyiic acid which is optionally 
substituted by, for example, aikanoyi ami no , such as 
1,2,2, 4 -tetrahydro- 2-naphthoyi , 2-acetamido-l , 2,3,4- 

15 tetrahydro-2-naphthoyi , The term " ar aikanoyi " means an 
acyl radical derived from an aryi-substituted 
alkanecarboxylic acid such . as phenylacetyl , 

3 - phenylpropiony 1 > hydrocinnamoyi) , 4-phenylbutyryi , 
(2 -naphthyl ) acetyl , 4-chlorohydrocinnamoyl , 

20 4-aminohydrocinnamoyl , 4 -met hoxy hydrocinnamoyi , and the 
like. The term "aroyl" means an acyi radical derived 
from an aromatic carboxylic acid. Examples of such 
radicals include aromatic carboxylic acids, an optionally 
substituted benzoic cr naphthoic acid such as benzoyl, 

25 4-chlorobenzoyl , 4 -carboxybenzcyl , 

4- (benzyloxycarbcnyi) benzoyl , 1-naphthcyl , 2-naphthoyi, 
6-carboxy-2 naphthoyi, 5- (benzyioxycarbonyi) -2 -naphthoyl , 
3 - benzy loxy - 2 - napht hoy 1 , 3 -hydroxy- 2 -naphthoyl , 

2- (benzyloxyformamido) -2-naphthoyi , and the like. The 
3 0 terms "heterocyclyl " and " heterocycioaikyl." alone or in 
combination, mean a saturated or partially unsaturated 
monocyclic, bicyciic or tricyclic heterocycle which 
contains one or more heteroatoms selected from nitrogen, 
oxygen and sulphur, which is optionally substituted cn 
3 5 one or more carbon atoms by halogen, alky 1 , aikoxy, 

hydroxy, exo , aryl, araikyl and "he like, and/ cr . on a 
secondary nitrogen atom -i.e.. -MH- ■ by hydroxy, aikyl, 



=rsikcxycarbcnyi , aikancyl, phenyl :r cheny iaikyi and. .:r 
:r. a tertiary nitrogen atom i.e. - :> . by oxido and 
which is attached via a careen accm . Heterocycioaiky 1 
and heterocyciyi also includes benz- fused monocyclic 
zycicaiky 1 grcups having at lease :r.e heteroaccm. 
Heterocycioaiky i and heterocyciyi in addition to sulfur 
and nitrogen also includes suifenes, sulfoxides and IT- 
cxides of tertiary nitrogen containing heterocycioaiky! 
groups. The term "heceroaryi" , alone or in combination, 
means an aromatic monocyclic, bicyclic, or tricyclic 
heterocycle which contains the heteroatoms and is 
optionally substituted as defined above with respect to 
the definitions of aryi and hecerccycloalkyl . Examples 
of such heterocycioaiky 1 and heceroaryi groups are 
pyrroiidinyi , piperidinyi , piperazinyl , morpholinyl , 
thiamorpholinyi , pyrroiyi, imidazoiyl (e.g., imidazol 4- 
yi, i-benzyloxycarbonylimidazol-4-yl, etc.) , pyrazolyl, 
pyridyl, (e.g., 2 -« I-pipendinyl) pyridyl and 2-(4-benzyi 
piperazin-l-yi-l-pyridinyi) , pyrazinyl, pyrimidinyl , 
fury i , chienyi, triazoiyl, oxazoiyl, thiazolyl, indoiyi 
'e.g., 2-indolyl, etc.), quinolinyl, (e.g., 2-quinolinyI, 
2 -quinolinyl , 1- oxido- 2 -quinolinyl , etc.) , isoquinoiinyi 

e.g., 1 - isoquinoiinyi , 2 - isoquinoiinyi , etc.), 
c e tr any droqumc liny 1 e.g., 1,2.2, 4 - tetrahydrc-2 - 
quinolyl , etc . ; , 1,2,3, 4 -cetrahydroisoquinoiiny 1 -e.g. , 
1,2,2, 4 -tetrahydro-l-oxo- isoquinoiinyi , etc. ) , 
quinoxalinyl, S-carbolinyl , 2-benzofurancarbonyl , 1- , 
2-, 4- or 5-benzimidazolyi, and the like. The term 
" cycloaikylalkoxycarbonyl" means an acyl group derived 
from a cycloalkylalkoxycarboxylic acid of the formula 
cycloalkylalkyl-0-CCOH wherein cycioaiky lalky 1 has the 
significance given above. The term " aryloxyalkanoyi " 
means an acyl radical of the formula aryl -O-alkanoyi 
wherein aryi and aikanoyi have the significance given- 
above. The term "heterocycioalkoxycarbonyl " means an 
acyl group derived from heterocyciy i-O-COOH wherein 
heterocyciyl is as defined above. The term 



" heterccycioaiky iaikanoy 1 " is an any I radical derived 
from a heterccycicaikyi-substituted aikane carbcxyiic 
acid where::, he t ere eye 1 c aiky I has the significance given 
above. The term " heterccycioaikylaikoxycarbony 1 '■ means 
an acyi radical derived from a heterccycioaiky 1 - 
substituted aikane -C-CCCH wherein heterocyciyi has the 
significance given above. The term 

"heteroaryioxycarbonyl " means an acyl radical derived 
from a carboxyiic acid represented by heceroary i-O-COOH 
wherein heteroaryl has che significance given above. The 
term " aminocarbonyi " alone or in combination, means an 
amino -substituted carbonyi (carbamoyl) group wherein the 
amino group can be a primary/, secondary or tertiary amino 
group containing subst ituent s selected from aikyl, aryl, 
araikyi, cycioalky 1 , cycloalkylalkyl radicals and the 
like. The term amxnoaikanoyi " means an acyl group 
derived from an amino -substituted alkanecarboxylic acid 
wherein the amino group can be a primary, secondary or 
tertiary amino group containing substituents selected 
from aikyl, ary I , aralky 1 , cycloaikyl, cycloalkylalkyl 
radicals and the like. The term "halogen" means 
fluorine, chlorine, bromine or iodine. The term 
"haioaikyi " means an aikyl radical having the 
significance as defined above wherein one or more 
hydrogens are replaced with a halogen. Examples of such 
haloalkyl radicals include chlorcmethyi , 1-bromoethyl , 
f luoromethyl , dif iuoromethyl , trif iuoromethyl, 
1, 1 , 1-trif luoroethyl and the like. The. term "leaving 
group" generally refers to groups readily displaceable by 
a nucleophiie, such as an amine, a thiol or an alcohol 
nucieophile. Such leaving groups are well known in the 
art. Examples of such leaving grcups include, but are 
not limited to, N-hydroxysuccinimide , 

N-hydrcxybenzctriazole , halides , inflates , tosylates and 
the like. Preferred leaving groups are indicated herein 
where appropriate. The term "ammo acid side chain" 
means the side chain group, including the stereochemistry 



zi the carbon which is a t cached, at cached the 
naturally occurring amine acid which distinguishes the 
amino acid from glycine. For example, zhe amino acid 
side chain cf alanine is methyl , :f his tt dine is 
imidazoiyimethyi and z neny 1 alanine is benzyl, and the 
attachment of such side chains tc the compound cf this 
invention retain the naturally occurring stereochemistry 
of the carbon tc which it is attached. The following 
example illustrates the definitions: 

v r ... Y 

R 2 N^C0 2 H =^RN(CR 1 R A ) t ^^J!^ 

* i i 

Procedures for preparing the compounds of 
Formula I are set forth below. It should be noted that 
the general procedure is shown as it relates to 
preparation cf compounds having the specified 
stereochemistry, for example, wherein the absolute 
stereochemistry about the hydroxy 1 group is designated as 
(R) . However, such procedures are generally applicable 
to those compounds of opposite configuration, e.g., where 
the stereochemistry about the hydroxy! group is 3). In 
addition, the compounds having the (R) stereochemistry 
can be utilized to produce those having the (S) 
stereochemistry. For example, a compound having the (R) 
stereochemistry can be inverted to the (S) 
stereochemistry using well-known methods. 




Preparation cf Compounds cf Formula ~ 

The compounds of "he cresen: mver.ticr. 
represented by Formula Z above can be prepared 
the following general procedure. This procedure i 
schematically shewn in the following Schemes Z and 




a) amine b) suifonyl chloride ?."S0;C1 '.or anhydride; 
^pavenger c : deprotection d) coupling e) coupling. 




a) amine b) sulfonyl chloride FfSO : Cl (or anhydride) + acid 
5scavenger c) deprotection d) coupling e) coupling. 
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An H-protected chioroketcne deri-. 



•;ac:ve a 



an 



amino acid having the rcrnuia: 



D 



H 



N 




CI 



wherein ? represents an amino protecting group, and r2 is 
as defined above, is reduced to the corresponding alcohol 
utilizing an appropriate reducing agent. Suitable amino 
protecting groups are well known in the art and include 
carbobenzcxy , - -but oxy car bony i , and the like. A 
preferred amine protecting group is carbobenzoxy . A 
preferred N-protected chloroketone is 

N-benzy loxycarbony 1 -L-pheny lalanine chloromethy 1 ketone . 
A preferred reducing agent is sodium borohydride. The 
reduction reaction is conducted at a temperature of from 
-10°C to about 25°C, preferably at about 0°C , in a 
suitable solvent system such as, for example, 
tetrahydrofuran, and the like. The M-protected 
chloroketones are commercially available, e.g., such as 
from Bachem, Inc., Torrance, California. Alternatively, 
the chicroketcnes can be prepared by the procedure set 
forth in S. J. Fittkau, J . Prakt . -hem. . 1037 
C1973), and subsequently N-protected utilizing procedures 
which are well known in the art. 



described below, or, preferably, is then reacted, 
preferably at room temperature, with a suitable base in a 
suitable solvent system to produce an N-protected amino 
epoxide of the formula: 



The halo alcohol can be utilized directly, as 
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R 2 




H 



wherein ? and are as defined above. Suitable solvent 
systems for preparing "he amino epoxide include ethanoi, 
methanol isopropanoi , tetrahydrofuran, dioxane, and the 
like including mixtures thereof. Suitable bases for 
producing the epoxide from the reduced chloroketone 
include potassium hydroxide, sodium hydroxide, potassium 
t -butcxide , 3BU and the like. A preferred base is 
potassium hydroxide. 

Alternatively, a protected amino epoxide can be 
prepared, such as in co-owned and co-pending PCT Patent 
Application Serial Mo. PCT / US 93/04804 whcih is 
incorporated herein by reference, starting with an L- 
amino acid which is reacted with a suitable amino - 
protecting group in a suitable solvent to produce an 
ammo -pro tec ted L-amino acid ester of the formula: 



R 2 




wherein ? J represents carboxyl-protecting group, e.g., 
methyl, ethyl, benzyl, tertiary-butyl and the like; R 2 is as 
defined above; and P 1 and P 2 independently are selected from 
amine protecting groups, including but not limited to, 
aryiaikyi, substituted arylalkyl, cycloalkenylalkyl and 
substituted cycloalkenylalkyl, allyl, substituted ailyl, 
acyi, aikoxycarbonyl , aralkoxycarbonyl and silyl. Examples 
of aryiaikyi include, but are not limited to benzyl, crtho- 
methylbenzyi , trityl and benzhydryl, which can be optionally 
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substituted with haicgen, alkyi cf aikoxy, hydroxy , 

nitre , aikyiene, amine, alky 1 amino , acyiammo and acyi, :r 
their salts, such as phosphenium and ammonium salts. 
Examples cf aryi groups include phenyl, naphtha ienyi , 
5 indany 1 , anthracenyi, iureny 1 , 9- 5 -phenyl fiuorenyi : and 
phenanthrenyi , cycloaikenyiaikyl or substituted 
eye 1 oalky ienyi alky 1 radicals containing cycioaikyis of Cg- 
Cio- Suitable acyi groups include carbobenzoxy , t - 
butoxycarbonyl f iso-butoxycarbonyl , benzoyl , substituted 
10 benzoyl, butyryi, acetyl, tn-f luoroacetyl, tri- 
chloroacetyl , phthalcyl and the like. 

Additionally, the and/ or ?^ protecting groups 
can form a heterocyclic ring with the nitrogen to which they 

15 are attached, for example, 1 , 2 -bis (methylene) benzene, 

phthalimidyl , succinimidyl , maleimidyl and the like and 
where these heterocyclic groups can further include 
adjoining ar-yl and cycioalkyi rings. In addition, the 
heterocyclic groups can be mono-, di- or tri-substituted, 

20 e.g., nitrophthalimidyl . The term silyl refers to a silicon 
atom optionally substituted by one or more alky 1 , aryl and 
aralkyl groups. 

Suitable silyl protecting groups include, but are 
25 not limited to, trimethy Isiiyi , triethy isilyl , 
tri-isopropy Isilyl , tert-butyldimethylsilyl , 
dimethylpheny Isilyl, 1 , 2 -bis (dimethy isiiyi) benzene, 
1, 2 -bis (dimethylsilyi) ethane and diphenylmethylsilyi . 
Silylation cf the amine functions to provide mono- or bis- 
3 0 disilylamine can provide derivatives of the aminoalcohol , 

amino acid, amino acid esters and amino acid amide. In the 
case of amino acids, amino acid esters and amino acid 
amides, reduction of the carbonyl function provides the 
required mono- or bis-siiyl aminoalcohol. Silylation of the 
55 aminoalcohol can lead to the N, N, C-tri- silyl derivative. 

Removal cf the silyl function from the silyl ether function 
is readily accomplished by treatment with, for example, a 
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rr.etai hydroxide or ammonium ficuride reagent , eicher as a 
discrete reaction step or in situ during the ?re?ara-::n zz 
zhe amino aldehyde reagent. Suitable siiyiat ing agents are, 
for example, trimethyisiiyi chloride, tert-buty- 
dimethyisiiyi chloride, phenyl dime chy isily 1 chlorie, 
iipheny lme thy 1 s i ly 1 chloride or their combination products 
with imidazole or DMF . Methods for silylation cf amines and 
removal of siiyl protecting groups are well known to those 
skilled in the art. Methods of preparation of these amine 
derivatives from corresponding amino acids, amino acid 
amides or amino acid esters are also well known to those 
skilled in the art of organic chemistry including amino 
acid /ammo acid ester or aminoaicohci chemistry. 

Preferably P 1 and P 2 are independently 
selected from aralkyi and substituted aralkyl. More 
preferably, each of P 1 and ? 2 is benzyl. 

The amino-prctected L-amino acid ester is then 
reduced, to the corresponding alcohol. For example, the 
amino-protected L-amino acid ester can be reduced with 
diisobutylaluminum hydride at -7 8° C in a suitable 
solvent such as toluene. Preferred reducing agents 
include lithium aluminium hydride, lithium borohydride, 
sodium borohydride, borane, lithium tri-ter- 
butoxyaiuminum hydride, corane/THF complex. Most 
preferably, the reducing agent is diisobutylaluminum 
hydride (DiBAL-H) in toluene. The resulting alcohol is 
then converted, for example, by way of a Swern oxidation, 
to the corresponding aldehyde of the formula: 



R 2 
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wherein ?- and -.re as defined above. Thus, a 

dichlcrcmethane sciucicr. of -he alcohol is added to a 
cooled .-"5 to -oo° C) solution of oxalyl chloride m 
dichlorcmethane and DMSO m dichloromethane and stirred 
for 3 5 minutes . 

Acceptable oxidizing reagents include, for 
example, sulfur trioxide-pyridine complex and DMSO , 
oxalyl chloride and DMSO , acetyl chloride or anhydride 
and DMSO, trif lucrcacetyl chloride or anhydride and 
DMSO, methanesuif onyl chloride and DMSO or 
tetrahydrothiaphene-S -oxide , toluenesuif onyl bromide 
and DMSC , trif lucrcmethanesuif onyl anhydride (tnfiic 
anhydrides and DMSO , phosphorus pentachloride and 
DMSO, dimethyiphosphcryi chloride and DMSO and 
isobutyichlorofcrmate and DMSO. The oxidation 
conditions reported by Reetz et al f An crew chem. . 99 , 
p. 1186, (1987)], Anoew Chem. Int. Ed. Enal , , 2£, 
p. 1141, 1987) employed oxalyl chloride and DMSO at 
-78°C. 

The preferred oxidation method described in 
this invention is sulfur trioxide pyridine complex, 
trie thy I amine and DMSO at room temperature. This 
system provides excellent yields of the desired chirai 
protected amino aldehyde usable without the need for 
purification i.e., the need to purify kilograms cf 
intermediates by chromatography is eliminated and 
large scale operations are made less hazardous. 
Reaction at room temperature also eliminated the need 
for the use of low temperature reactor which makes the 
process more suitable for commercial production. 

The reaction may be carried cut under and 
inert atmosphere such as nitrogen or argon, or normal 
or dry air, under atmospheric pressure or in a sealed- 
reaction vessel under positive pressure. Preferred is 
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a nitrogen atmosphere. Alternative amine bases 
include, for example, tn-butyl amine, tri- isoprcpy 1 
^mine , .J -me chyle iperidine , M- methyl morphoime , 
azabicyciononane , diisopropy iethyiamme , 2,2,6,5- 
- ecramechy ipiper idine , , M -dime chylamincpyri dine , :r 
mixtures of these bases. Trie thy iamme is a preferred 
base. Alternatives to pure -MSG as solvent include 
mixtures of DMSO with non-protic or haiogenated 
solvents such as tetrahydrof uran, ethyl acetate, 
toluene, xylene, dichloromethane , ethylene dichloride 
and the like. Dipolar aprotic co-solvents include 
aceconitriie , dimethy if ormamide , dimethylacetamide , 
acetamide, tetramethyi urea and its cyclic analog, 
N-methyipyrrolidone, suifoiane and the like. Rather 
than N, N-dibenzylpheny iaianinoi as the aldehyde 
precursor, the pheny iaianinoi derivatives discussed 
above can be used to provide the corresponding 
N-monosubstituted [either P 1 or P 2 = H] or N r N- 
disubstituted aldehyde. 

In addition, hydride reduction of an amide 
or ester derivative of the corresponding alky 1 , benzyl 
or cyclcaikenyi nitrogen protected phenylalanine, 
substituted phenylalanine or cycioaikyl analog of 
phenyalanine derivative can be carried out to provide 
the aldehydes. Hydride transfer is an additional 
method of aldehyde synthesis under conditions where 
aldehyde condensations are avoided, cf, Oppenauer 
Oxidation. 

The aldehydes of this process can also be 
prepared by methods of reducing protected phenylalanine and 
phenylalanine analogs or their amide or ester derivatives 
by, e.g., sodium amalgam with HC1 in ethanoi or lithium or 
sodium or potassium or calcium in ammonia. The reaction 
temperature may be from about -20°C to about 45°G, and 
preferably from. abut r°C to about 25°C. Two additional 



methods of obtaining the nnr:gen protected aldehyde include 
oxidation of the corresponding aicchci with bleach in - he 
presence of a catalytic amount z t 2 , Z , 5 , 5-tetramethyi-i- 
pyridyioxy free radical. In a second method, cxidaticn cf 
the alcohol to the aldehyde is accomplished by a catalytic 
amount of tetrapropyiammonium perruthenate in the presence 
of M-methyimorpholine-M-oxide . 

Alternatively, an acid chloride derivative of a 
protected phenylalanine or phenylalanine derivative as 
disclosed above can be reduced with hydrogen and a catalyst 
such as Pd on barium carbonate or barium sulphate, with or 
without an additional catalyst moderating agent such as 
sulfur or a thiol ; Rosenmund Reduction) . 

The aldehyde resulting from the Swern oxidation is 
then reacted with a halomethyilithium reagent, which 
reagent is generated iji situ by reacting an alkyllithium 
or arylithium compound with a dihalomethane represented 
by the formula X 1 CH2X 2 wherein X 1 and X 2 independently 
represent I, 3r or Cl. For example, a solution of the 
aldehyde and chloroicdomethane in THF is cooled to -7 8° C 
and a solution of n-butyilithium in hexane is added. The 
resulting product is a mixture of diastereomers of the 
corresponding amino -protect ed epoxides of the formulas: 



R 2 R 2 




The diastereomers can be separated e.g., by 
chromatography, or, alternatively, once reacted in 
subsequent steps the diastereomeric products can be 
separated. For compounds having the (S) stereochemistry, 
a D-amino acid can be utilized in place of the L-amino 
acid. 
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The acidic ion of Cxnlcrcmethy lithium :r 
bromome thy lithium to a chirai amine aldehyde _s r.ighiy 
iiascereoseiective . Preferably . the chicrcmethyilithium :r 
cremomethyiirhium is generated :r.-s::u from the reacticn : f 
the dihaicmechane and n-butyllithium. Acceptable 
methyleneatir.g haiomethanes include chicrciodomethane , 
bromochlcrcmethane , dibromomechane ; diiodomethane , 
bromofluorome thane and the like. The sulfonate ester of the 
addition product of, for example, hydrogen bromide to 
formaldehyde is also a methyleneating agent. 
Tetrahydrofuran is the preferred solvent, however 
alternative solvents such as toluene, dimethoxy ethane , 
ethylene di chloride, methylene chloride can be used as pure 
solvents cr as a mixture. Dipolar aprotic solvents such as 
acetonitriie, DMF, N-methylpyrrolidone are useful as 
solvents or as part of a solvent mixture. The reaction can 
be carried out under an inert atmosphere such as nitrogen or 
argon. For n-butyi lithium can be substituted other 
organometalic reagents reagents such as methyllithium, tert- 
butyl lithium, sec-butyl lithium, phenyllithium, phenyl 
sodium and the like. The reaction can be carried out at 
temperatures of between about -30°C to 0°C but preferably 
between about -30°C to -20°C. The most preferred reaction 
temperatures are between -40°C to -15°C. Reagents can be 
added singly but multiple additions are preferred in certain 
conditions. The preferred pressure of the reaction is 
atmospheric however a positive pressure is valuable under 
certain conditions such as a high humidity environment. 

Alternative methods of conversion to the epoxides 
of this invention include substitution of other charged 
methylenation precurser species followed by their treatment 
with base to form the analogous anion. Examples of these 
species include trimethyisulf oxonium tosylate cr triflate, 
tetramethy iammonium halide, methyldipheny isulf oxonium halide 
wherein halide is chloride, bromide cr iodide. 



The conversion cf -he aldehydes of "his invention 
into their epoxide derivative can also be carried cue m 
multiple seeps. For example, che addition cf the anion of 
thioanisoie prepared from, for example, a butyl or aryi 
lithium reagent, to the protected aminoaldehyde , oxidation 
of the resulting protected amxnosuifide alcohol with well 
known oxidizing agents such as hydrogen peroxide, tert -butyl 
hypochlorite, bleach or sodium periodate to give a 
sulfoxide. Alkylation cf the sulfoxide with, for example, 
methyl iodide or bromide, methyl tosylate, methyl mesylate, 
methyl trifiate, ethyl bromide, isopropyl bromide, benzyl 
chloride or the like, in the presence of an organic or 
inorganic base Alternatively, the protected aminosulfide 
alcohol can be alkylated with, for example, the alkylating 
agents above, to provide a suifonium salts that are 
subsequently converted into the subject epoxides with tert- 
amine or mineral bases. 

The desired epoxides formed, using most preferred 
conditions, diastereoseiectiveiy in ratio amounts of at 
least about an 35:15 ratio ; S:R). The product can be 
purified by chromatography to give the diastereomericaiiy 
and enantiomericaiiy pure product but it is more 
conveniently used directly without purification to prepare 
retroviral protease inhibitors. The foregoing process is 
applicable to mixtures of optical isomers as well as 
resolved compounds. If a particular optical isomer is 
desired, it can be selected by the choice of starting 
material, e.g., L-phenylalanine , D-phenylalanine , L- 
phenylalaninol , D-phenylalaninoi , D-hexahydrophenylalaninol 
and the like, or resolution can occur at intermediate or 
final steps. Chirai auxiliaries such as one or two 
equivilants of camphor sulfonic acid, citric acid, camphoric 
acid, 2-methoxyphenyiacetic acid and the like can be used to 
form salts, esters or amides of the compounds of this 
invention. These compounds or derivatives can be 
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trysrailized cr separated "rcmatographicaily using either 
chirai cr achiral column as is well known to -hose skilled 
m the ar:. 

The amir.o epoxide is then reached, ir. a 
suicable solvent system, with an equal amounc , or 
preferably an excess of, a desired amine of the formula: 

r3nh 2 

wherein r3 is hydrogen or is as defined above. The 
reaction can be conducted over a wide range of 
temperatures, e.g., from about 10°C to about 100°C, but 
is preferably,, but not necessarily, conducted at a 
temperature at which the solvent begins to reflux. 
Suitable solvent systems include protic, non-protic and 
dipolar aprctic organic solvents such as, for example, 
those wherein the solvent is an alcohol, such as 
methanol, ethanol, isopropanol, and the like, ethers such 
as tetrahydrcfuran, dioxane and the like, and toluene, 
N,N-dimethylformamide, dimethyl sulfoxide, and mixtures 
thereof. A preferred solvent is isopropanol. Exemplary 
amines corresponding to the formula r3nH2 include benzyl 
amine, isobuty lamine , n- butyl amine, isopentyl amine, 
isoamylamine , cyciohexanemethyl amine, naphthylene methyl 
amine and the like. The resulting product is a 2-'N- 
protected amino j -5 - (R2 ) -I- «:nhr3 ) -propan-2-ol derivative 
(hereinafter referred to as an amino alcohol) can be 
represented by the formulas : 



R 2 R 2 




I 



described above, 
utilized in p_ace of 

The amino alcohol defined above is then reacted 
in a suitable solvent with a suifonyi chloride • R*S02C1 ) 
or suifonyi anhydride in the presence of an acid 
scavenger. Suitable solvents in which the reaction can 
be conducted include methylene chloride, tetrahydrofuran. 
Suitable acid scavengers include triethylamine, pyridine. 
Preferred suifonyi chlorides are methanesulf onyl chloride 
and benzenesuif onyl chloride. The resulting sulfonamide 
derivative can be represented, depending on the epoxide, 
utilized by the formulas 




wherein P, P 1 , P 2 , r2 , r3 and R 4 are as defined above. 
These intermediates are useful for preparing inhibitor 
compounds of the present invention and are also active 
inhibitors of retroviral proteases. 

The suifonyi haiides of the formula ?>S02X can 
be prepared by the reaction of a suitable Grignard or 
alkyl lithium reagent with sulfuryl chloride, or sulfur 
dioxide followed by oxidation with a halogen, preferably 
chlorine. Also, thiols may be oxidized to suifonyi 
chlorides using chlorine in the presence of water under 
carefully controlled conditions. Additionally, sulfonic 
acids may be converted to suifonyi haiides using reagents 
such as PCi5, and also to anhydrides using suitable 
dehydrating reagents. The sulfonic acids may in turn be 
prepared using procedures well known in the art. Such 
sulfonic acids are also commercially available. In place 



v/herein ? 2 ' r2 and ?.2 are as 

Alternatively, a haioaicohcl can be 
the amino epoxide . 



I 



of the suifcnyi halides, suirinyi halides R 4 SOX) cr 

suifenyi halides v?. 4 SX) can he utilized zo prepare 
compounds wherein the -£C~ - moiety is replaced by an -£C- 

cr -S- moiety, respectively. 



Following preparacicn of the sulfonamide 
derivative, the amino proceeding group ? cr ?- and ?* 
amino protecting groups are removed under conditions 
which will not affecc the remaining portion of the 
molecule. These methods are well known in the art and 
include acid hydrolysis, hydrogeno lysis and the like. A 
preferred method involves removal of the protecting 
group, e.g., removal of a carbobenzcxy group, by 
hydrogenolysi^ utilizing palladium on carbon in a 
suicable solvent system such as an alcohol, acecic acid, 
and Che like or mixtures thereof. Where the protecting 
group is a t-butoxy car bony! group, it can be removed 
utilizing an inorganic or organic acid, e.g., HCl or 
trif luoroacetic acid, in a suitable solvent system, e.g., 
dioxane or methylene chloride. The resulting product is 
the amine salt derivative. Following neutralization of 
the salt, the amine is then reacted with an amino acid cr 
corresponding derivative thereof represented by the 
formula -PNtCRi' R 1 " ]- CH(Rl)COOH) wherein t, Rl , Ri ' and 
Rl" are as defined above, to produce the antiviral 
compounds of the present invention having the formula: 



O R 2 



PNH(CR v R 1 ") t 




R 1 OH R 3 



wherein t, ?, r1 1 , ?i'\ r2 , r3 and r4 are as defined 

above. Preferred protecting groups in this instance are 
a benzyloxycarbonyl group or a t-butoxycarbonyl group. 
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Where - is 0 and r.- is aikyi, aikenyi, aikyny i , 
cycioaikyi, -CH2SC2NK2, -CH2CO2CH3 , -CO2CH2 , -_2NH? , 
-CH 2 C ;3)NHCH 3f -C :CK, ' 2 .SH) , -C!CK 3 i: SCHs:, 

-C ! CH3 i 2 L S { 0 ) CH3 j , -C : CH3 ) 2 [5 iC2 ) CH3 ] , or an amino acid 
side chain, such materials are well known and many are 
commercially available from Sigma -Aldrich. 

Where the amine is reacted with a derivative of 
an amino acid, e.g., when t=l , so that -the amino acid is 
a S-amino acid, such 3-amino acids can be prepared 
according to the procedure set forth in a co-owned, 
copending patent application, U.S. Serial No. 07/853,561 
or the following procedures. 

Various methods have been proposed for the 
preparation of chirai (3-amino acids. See, for example, 
Chemistry and Biochemistry of Amino Acids, vol. 4, 
Chapter 5, pp. 250-57, 3. Weinstein, Ed., Dekker, N.Y. 
(1975). Furukawa et ai, Chem. Ph arm. Bull. . 2£, 1319 
(1977) ,' disclose asymmetric synthesis of (3-amino acids by 

addition of chirai amines to carbon-carbon double bonds 
having nitrile or ester groups in the a-position. 
However, optical purities of the (3-amino acids thus 

produced range from 2 to 19%. Furukawa et ai also report 
that optically active B-amino acids have been produced 
with optical purities ranging from 2 to 23% by reacting 
chirai Schiff bases with Reformsky reagent. Terentev et 
al, Dohl. Ahad. Nauh SSR, 163,674 (1965) disclose 
synthesis of p-aminobutyric acids involving addition of 
chirai amines to crotonic acid with optical purities 
ranging from 7-9%. 

Brown et ai, Tetrahedron Lett. , Vol. 28, Mo. 
19, pp 2179-2182 1987), disclose a method of preparing 
optically active disubst ituted (3-amino acids which 

involves asymmetric catalytic hydrogenation cf N- . 
substituted a- (aminoalkyl ) acrylates. In order to verify 
the stereochemistry of the product, Curtius rearrangement 
was effected on the monomethyl ester of optically 
enriched RR-anti-2 . 2 -dimethyj -succinic acid and trapping 
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: t the incipient isccyanace derivative wicr. :ertiar; 
alcohol, namely, t -butyl alcohol, to give the 
corresponding ?.-enriched (5 -ammo acid. 

Uinomita et ai, Tetrahedron y^tr . , V cl. 1Z. 
2152-2157 1975: studied the Curtius rearrangement 
utilizing benzoic acid, dichenyiphosphoryi azide and 
trie thy iamine followed by treatment with various alcohols 
and found that t -butyl alcohol gives yields superior to 
benzyl alcohol, ethanol and phenol. 

Utilization of a primary or secondary alcohol 
to trap an isocyanace derivative of a chiral mono- 
substituted succinate, and, in particular, in a Curtius 
rearrangement of a chiral mono -substituted succinate, to 
produce chiral p-amino acids significantly increases the 
overall yield. The resulting carbamate-protected p-amino 

esters are then saponified to produce the corresponding 
carbamate-protected (3-ammc acids which are then 
deprotected to produce p-ammo acids possessing the same 

absolute configuration as naturally-occurring (L) -amino 
acids . 

The overall reaction sequence can be shown as 

follows : 

Rearrangement / OCN-C-CH-C0 2 P^ ^ 

R- " 



0 R- 
II I 

HO-C-C-CH-CC-? ; 
I I 

R 1 " R- 



O R- 

? 4 0-C-NHC-CH-CO-p-; 1) Saponification y R * 

^ ' ' 2) Deprotection / P H " C ° 2H 



^ > ?^ , and ?~ are as defined above and P 4 OH 
are preferably represents radicals derived from primary 
and secondary alcohols. 



This process can also be used m che asymecr:: 
synthesis of [3- amino acids represented by the icrmuia: 



I ▼ 

H-»N - C - CH - CO.H 
i 



wherein R" , R" and R* are as defined above. Such 
compounds are formed by Curtius rearrangement of 2 (R) 
substituted succinates represented by the formula 

0 Ri' R : 

11 1 ▼ 

HO - C - C - CH - CO^P J 
i 

wherein R 1 , R* , R~" and are as defined above, to 
afford the isocyanate derivative: 



R- 

« T 

OCN - C - CH - CO, 
1 

15 . R 1 " 



Using S ) -substituted succinates, 2 ■; S ) -substituted (3- 
amino acids can also be prepared stereospecif ically . 

Curtius rearrangement involves pvroivsis of 
0 
I! 

acyol azides (R-C-N=N*N) to y i eid isocyanates (R-N=C=0) 
which can be subsequently hydrolyzed to give amines. See 
March, Advanced Organic Chemistry, p. 100 5, 2nd ed 
(1977). as a general rule, Curtius rearrangement is a 
concerted reaction and therefore proceeds with retention 
of configuration of the starting materials. 
Determination of specific reaction conditions for 
effecting Curtius rearrangements of various succinates is 
within the skill of one in the art familiar with such 
reactions. in the method of .the present invention, 
Curtius rearrangement to afford the desired isocvante is 



preferably effected by :reat:ng a 2 -substituted succir.ace 
v;ith one equivalent of diphenox/phosphcry 1 azide 
PhOKPCN. and :r:ec hy i amine to fcrrt "be acvi aziie 

followed by beaming in an ;ner: solvent:, such as in •.■/arm 
5 toluene, preferably an about 30°C for about three hours, 
to afford the isocyante derivative. 

Suitable primary and secondary alcohols include 
those represented by the formula P 4 OH where ? 4 
representes substituted and unsubstituted alkyl, 

10 cycloalkyl, araikyi and aryl radicals, as well as 
suitable equivalents such as, for example, silyl 
radicals. Preferably, the primary and secondary alcohols 
are those wherein ? 4 represents substituted and 
unsubstituted, straight chain as well as branched chain, 

15 alkyl radicals having from 1 to about 12 carbon atoms, 

substituted and unsubstituted cycloalkyl radicals having 
from 4 to about 7 carbon atoms, and substituted and 
unsubstituted aryl, aikaryl and aralkyl radicals. 
Examples of such suitable alcohols include benzyl 

20 alcohol, isopropyl alcohol, 4-methoxybenzyl alcohol, 2- 

trimethylsiiyiethanol, fiuorenyi methanol and benzhydrol. 
Preferred alcohols are benzyl alcohol and 4-methoxybenzyl 
alcohol. Other primary and secondary alcohols suitable 
for use in the practice of the present invention will be 

2 5 readily apparent to those skilled in the art. 

The ester derivative is then saponified by any 
one of numerous well-known procedures, such as by 
treatment with aqueous lithium hydroxide/THF 
(tetrahydrofuran) , preferably for three hours at 0°C 

2 0 The resultant product is the corresponding carbamate- 

protected (3-amino acids. These are subsequently 

deprotected by any one of several well-known procedures, 
such as by acid catalyzed hydrolysis or by 
hydrogenolysis , to produce the corresponding deprotected 

3 5 (5-amino acids. Alternatively, the carbamate-protected (3- 

amino acid can be coupled to the amine 



j 




f ollowed by deprotecticn and incorporation cf ?. and ?. ■ . 

The M-prctecting group can be subsequently 
5 removed, if desired, utilizing the procedures described 
above, and then reacted with a 6 carboxyiate represented by 
the formula: 

O 
II 

R C L 

10 

wherein R is as defined above and L is an appropriate 
leaving group such as a haiide. Preferably, where P,l is 
a side chain of a naturally occurring a-amino acid, R is 

a 2-quinoline carbonyi group derived from 
15 N-hydroxysuccinimide-2-quinoline carboxyiate, i.e., L is 
hydroxy succinimide. A solution of the free amine (or 
amine acetate salt) and about 1.0 equivalent cf the 
carboxyiate are mixed in an appropriate solvent system 
and optionally treated with up to five equivalents of a 
10 base such as, for example, M-methyimorpholine , at about 
room temperature. Appropriate solvent systems include 
tetrahydrofuran, methylene chloride or N,N- 
dimethyif ormamide , and the like, including mixtures 
thereof . 

25 

Alternatively, the protected amino alcohol from 
the epoxide opening can be further protected at the newly 
introduced amino group with a protecting group ?' which is 
not removed when the first protecting ? is removed. One 
2 0 skilled in the art can choose appropriate combinations of P 
and ?' . One suitable choice is when ? is Cbz and P' is Boc . 
The resulting compound represented by the formula: 



i 
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can be carried through the remainder of the synches is tc 
provide a compound of the formula: 

O R 2 

I I NH ^^1^^ N 

R' R 1 ^ | 

OH R 3 

and che new protecting group ? ' is selectively removed, 
and following deproreccion, zhe resulting amine reacted 
to form the sulfonamide derivative as described above. 
This selective deprotection and conversion to the 
sulfonamide can be accomplished at either the end of the 
synthesis or at any appropriate intermediate step if 
desired . 

The thiocarbonyi compounds of this invention 
are really prepared by methods well known to those 
skilled in the art, for example, by treatment of a 
carbonyl compound with Lawes son's reagent (2,4--bis(4- 
methoxyphenyi ; -1, 3 -dithia-2 , 4 -diphosphetane-2 , 4 - 
disulfide) which is an article of commerce. 
Phosphoruspentasulf ide may also be used or one can treat 
an amine of this invention with a pre- formed thiocarbonyl 
reagent such as thiocarbonylchlorid in the presence of 
base. 

In place of the sulfonyl halides , sulfinyl 
halides (RSOCi: and sulfenyi halides (RSCI) can be 
utilized to prepare compounds wherein the -SO2- moiey is 
replaced by -SO- or -5-, respectively. 
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Zz .is contemplated that f :r preparing compounds 
cf "he Formulas having ?.S , the compounds can ce prepared 
foil-owing zhe procedure sec forth above and, cr::r - a 
coupling zhe sulfonamide derivative or analog thereof, 
5 e.g. coupling :o zhe amino acid ?NK ; CH2 ) t ~H ( ?.i • CCCH , 
carried through a procedure referred to in zhe arc as 
reductive aminaticn. Thus, a sodium cyanoborohydride and 
an appropriate aldehyde or ketone can be reacted with the 
sulfonamide derivative compound or appropriate analog at 

13 room temperature in order to reductively aminate any of 
the compounds of Formulas I -IV. It is also contemplated 
that where ?.3 of the amino alcohol intermediate is 
hydrogen, zhe inhibit cr compounds cf the present 
invention wherein ?.3 is alkyl , or other substituents 

15 wherein the a-C contains at least one hydrogen, can be 

prepared through reductive amination of the final product 
of the reaction between the amino alcohol and the amine 
or at any other stage cf che synthesis for preparing the 
inhibitor compounds . 

20 

Contemplated equivalents of the general 
formulas set forth above for the antiviral compounds and 
derivatives as well as the intermediates are compounds 
otherwise corresponding thereto and having the same 

25 general properties, such as tautcmers thereof as well as 
compounds, wherein one or more cf the various R groups 
are simple variations of the substituents as defined 
therein, e.g., wherein R is a higher alkyl group than 
that indicated. In addition, where a substi-tuent is 

2 0 designated as, or can be, a hydrogen, the exact chemical 
nature of a substituent which is other than hydrogen at 
that position, e.g., a hydro carbyi radical or a halogen, 
hydroxy, amino and the like functional group, is not 
critical so long as it does not adversely affect the 

2 5 overall activity and/cr synthesis procedure. 
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The chemical reactions described above .are 
generally disclosed in terms cf "heir broadest 
application to the preparation cf the compounds of this 
invention. Occasionally, the reactions may not be 
applicable as described tc each compound included within 
the disclosed scope. The compounds for which this occurs 
will be readily recognized by those skilled in the art. 
In ail such cases, either the reactions can be 
successfully performed by conventional modifications 
known to those skilled in the art, e.g., by appropriate 
protection cf interfering groups, by changing to 
alternative conventional reagents, by routine 
modification cf reaction conditions, and the like, or 
other reactions disclosed herein or otherwise 
conventional, will be applicable to the preparation of 
the corresponding compounds of this invention. In all 
preparative methods, all starting materials are known or 
readily preparable from known starting materials. 

Without further elaboration, it is believed 
that one skilled in the art can, using the preceding 
description, utilize the present invention to its fullest 
extent. The following preferred specific embodiments 
are, therefore, to be construed as merely illustrative, 
and not limitative of the remainder cf the disclosure in 
any way whatsoever. 

All reagents were used as received without 
purification. All proton and carbon NMR spectra were 
obtained on either a Varian VXR-3 00 or VXR-400 nuclear 
magnetic resonance spectrometer. 

The following Examples 1 through 9 illustrate 
preparation of intermediates. These intermediates are 
useful in preparing the inhibitor compounds of the 
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present invention as illustrated in Examples 13 -16. 
addition, the intermediates cf Examples 2-5 are aisc 
retroviral protease inhibitors and inhibit, in 
particular, HIV protease. 



Preparation Of Nf 3 (S ? -benzvloxvcarbonvlamino-2 ( gj - 
hydroxy - 4 -ohenvlbutvl 1 -N-isoamvlaming 

Part a: 

To a solution of 75. Og (0.226 mol) of 
N-benzyioxycarbonyi-L-phenylalanine chloromethyl ketone 
in a mixture of 307 mL cf methanol and S07 raL of 
tetrahydrofuran at -2°C, was added 13 . 17g (0.2 48 mol, 
1.54 equiv. ) of solid sodium borohydride over one hundred 
minutes. The solvents were removed under reduced 
pressure at 40°C and the residue dissolved in ethyl 
acetate (approx. ID . The solution was washed 
sequentially with 1M potassium hydrogen sulfate, 
saturated sodium bicarbonate and then saturated sodium 
chloride solutions. After drying over anhydrous 
magnesium sulfate and filtering, the solution was removed 
under reduced pressure. To the resulting oil was added 
hexane approx. ID and the mixture warmed to 50°C with 
swirling. After cooling to room temperature, the solids 
were collected and washed with 2L of hexane. The 
resulting solid was recrystallized from hot ethyl acetate 
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and hexane to afford 3 2.2g 43% yield'; of 
N-benzyicxycarbonyi-3 is; -amino - 1 - chioro-4 -phenvi -2 -.' £ ) - 
butanoi , mp 150-15I°C and M+Li- = 2 40. 



Dart- 13. . 
- *tti V — • 

To a solution of 6 . 52g (0.116 moi, 1.2 equiv. ) 
of potassium hydroxide in 968 mL of absolute ethanol at 
room temperature, was added 32. 3g (0.097 mol) of N-CBZ- 
2 (£) -amino -1-chloro- 4 -phenyl -2 ;s: -butanoi. After 
stirring for fifteen rr.mutes , "he solvent was removed 
under reduced , pressure and the solids dissolved in 
methylene chloride. After washing with water, drying 
over magnesium sulfate, filtering and stripping, one 
obtains 27. 9g of a white solid. Recrystallization from 
hot ethyl acetate and hexane afforded 22. 3g (77% yield) 
of N-benzyloxycarbonyi-3 (S) -amino- 1, 2 (S) -epoxy-4- 
phenylbutane , mp 102-103°C and MH+ 298. 

A solution of N-benzyicxycarbonyi 2 •: S ; - amine - 
1, 2- •. S) -epoxy-4-phenylbutane • 1 . 20g, 3.36 itunoi! and 
isoamylamine (4 . 90g, 67.2 mmoi, 20 equiv.) in 10 mL of 
isopropyl alcohol was heated to reflux for 1.5 hours. 
The solution v/as cooled to room temperature, concentrated 
in vacuo and then poured into 100 mL of stirring hexane 
whereupon the product crystallized from solution. The 
product was isolated by filtration and air dried to give 
1.13g, 95% of N= [ [3 (S) -phenylmechyl carbamoyl ; amino-2 (R) - 
hydroxy-4-phenylbutyl]N-[ ( 3 -methyibutyl ) ] amine mp 108.0- 
109. 5°C, MH+ m/z = 371. 




Preparation c 
Dhenvlbutan^ 



:7,N-dibenzvl-2 (S) -amino-1 .2-(S) -^nr/^- 



A solution cf L -phenylalanine (50.0 g, 0.302 mol) , 
sodium hydroxide (24.2 g, 0.505 mol) and potassium 
carbonate -'83.5 g, 0.5 05 mol) in water (500 ml) was 
heated to 97°C. Benzyl bromide (108.5 ml, 0.912 mol) was 
then slowly added (addition time -2 5 min) . The mixture 



was then stirred 



for 3 0 minutes. The solution 



was cooled to room temperature and extracted with toluene 
(2 x 250 ml) . The combined organic layers were then 
washed with water, brine, dried over magnesium sulfate, 
filtered and concentrated to give an oil product. The 
crude product was then used in the next step without 
purification. 



5tep 3: 

The crude benzylated product of the above step was 
dissolved in toluene ~50 mi;- and cooled to -55°C. A 1 
M solution of DIEAL-H in toluene (442.9 mi, 0.556 mol) 
was then added at a rate to maintain the temperature 
between -55° to -50°C .addition time - 1 hour) . The 
mixture was stirred for 20 minutes at -55°C. The 
reaction was quenched at -5 5°C by the slow addition of 
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methanol ' 2 ~ mi) . The coid solution was then poured ir.tc 
cold . 5°C) 1.5 N HCi solution 1.3 1 : . The precipitated 
solid : approx . 12 3 g ) was filtered off and washed with 
toluene. The solid material was suspended in a mixture 
of toiuene .400 mi; and water 100 mi). The mixture was 
cooled to 5°C, created with 2.5 N NaOH (186 mi) and then 
stirred at room temperature until the solid was 
dissolved. The toluene layer was separated from the 
aqueous phase and washed with water and brine, dried over 
magnesium sulfate, filtered and concentrated to a volume 
of 7 5 ml (39 g) . Ethyl acetate (25 ml) and hexane (25 
ml) were then added to the residue upon which the alcohol 
product began ? to crystallize. After 30 min. , an 
additional 5 0 mi hexane was added to promote further 
crystallization. The solid was filtered off and washed 
with 50 ml hexane to give approximately 3 5 g of material. 
A second crop of material could be isolated by 
refiltering the mother liquor. The solids were combined 
and recrystallized from ethyl acetate (20 ml) and hexane 
(30 ml) to give, in 2 crops, approximately 40 g (40% from 
L-phenylalanine ; of analytically pure alcohol product. 
The mother liquors were combined and concentrated ; 2 4 gj . 
The residue was treated with ethyl acetate and hexane 
which provided an additional 7 g (-7% yield) of slightly 
impure solid product. Further optimization in the 
recovery from the mother liquor is probable. 

Alternatively, the alcohol was prepared from L- 
phenylalaninol . 1-phenylalaninol (176.6 g, 1.168 mol) 
was added to a stirred solution of potassium carbonate 
(484.6 g, 2.506 mol) in 710 mL of water. The mixture 
was heated to 5 5°C under a nitrogen atmosphere. A 
solution of benzyl bromide (400 g, 2.339 mol) in 3A 
ethanol (3 05 mL) was added at a rate that maintained 
the temperature between 60-68°C. The biphasic 
solution was stirred at 55°C for 55 min and then 



allowed to cool to 1 Z°Z with vigorous stirring. The 
:iiy product solidified into small granules. The 
product was diluted with 2.3 L of tap water and 
stirred for 5 minutes to dissolve the inorganic by 
products. The product was isolated by filtration 
under reduced pressure and washed with water until the 
pH is 7. The crude product obtained was air dried 
overnite to give a semi-dry solid (407 g) which was 
recrystaliized from 1.1 L of ethyl acetate/heptane 
!1:10 by volume) . The product was isolated by 
filtration at -8 C C ", washed with 1.5 L of cold 
{-10°C ) ethyl acetate/ heptane (1:10 by volume) and 
air-dried to give 229 g -38% yield) of BS-2- 
[3is (phenyimethyl) amino] benzene -propanol , mp 71.5- 
73.0°C. More product can be obtained from the mother 
liquor if necessary. The other analytical 
characterization was identical to compound prepared as 
described above. 

A solution cf oxaiyl chloride 3.4 ml, 0.096 mol!- in 
iichloromethane (240 mi, was cooled to -74°C. A solution 
of DMSO '12.0 ml, 0.15 5 mol) in dichioromethane (50 ml) 
was -then slowly added at a rate to maintain the 
temperature at -74°C 'addition time -1.25 hr) . The 
mixture was stirred for 5 min. followed by addition of a 
solution of the alcohol (0.074 mol) in 100 mi of 
dichioromethane (addition time -20 min., temp. -75°C to 
-68°C) . The solution was stirred at -78°C for 35 
minutes. Triethyiamine :41.2 ml, 0.295 mol) was then 
added over 10 min: 'temp. -73° to -6 3°C) upon which the 
ammonium salt precipitated. The cold mixture was stirred 
for 30 min. and then water '22 5 ml) was added. The 
dichioromethane layer was separated from the aqueous 
phase and washed with water, brine, dried over magnesium 
sulfate, filtered and concentrated. The residue was 



diluted with ethyl acecate and hexane and Cher, filtered 
to further remove the ammonium salt. The filtrate was 
concentrated to give the desired aldehyde product. The 
aldehyde was carried on to the next step without 
5 purification. 

Temperatures higher than -70°C have been reported in 
the literature for the Swern oxidation. Other Swern 
modifications and alternatives to the Swern oxidations 
10 are also possible. 



Alternatively, the aldehyde was prepared as follows. 
(200 g, 3.604 snol) was dissolved in triethylamine (300 
mL, 2.15 mo 15 . The mixture was cooled to 12°C and a 

15 solution of sulfur tnoxide/pyridine complex {3 80 g, 2.3 9 
mol) in DMSO (1.6 L) was added at a rate to maintain the 
temperature between 8-17°C (addition time - 1.0 h) . The 
solution was stirred at ambient temperature under a 
nitrogen atmosphere • for 1.5 hour at which time the 

20 reaction was complete by TL.C analysis (33% ethyl 

acetate/ hexane, silica gel) . The reaction mixture was 
cooled with ice water and quenced with 1.6 L of cold 
water :10-15°C) over 45 minutes. The resultant solution 
was extracted with ethyl acetate '2.0 L) , washed with 5% 

25 citric acid (2.0 L), and brine 2.2 L), dried over MgS04 
(280 g) and filtered. The solvent was removed on a 
rotary evaporator at 35-40°C and then dried under vaccuum 
to give 19 8.3 g of as- [Bis- (phenylme thy 1) amino] - 
benzenepropanaldehyde as a pale yellow oil (99.9%). The 

3 0 crude product obtained was pure enough to be used 

directly in the next step without purification. The 
analytical data of the compound were consistent with the 
published literature . [a] D 25 = -92.9 0 (c 1.87, CH2CI2); 
1 H NMR (400 MHz, CDCI3 ) d, 2.94 and 3.15 (ABX-System, 

35 2H, J A B= 13.9 Hz, J AX= 7.3 Hz and j BX = 6>2 Hz) ^ 3<56 

't, 1H, "-.1 Hz), 3.59 and 2.82 AB-System, 4H, j A B= 13.7 



M+I; C22H24NC 220.450, found: 230.1336. Anal . 2aicd. f 
-23H23CN: C , 22.25; H , ".04; M, 4.25. Fcund: C , 22.24; 
"".42; N, 4.19. HPLC cn chirai scacionar/ phase:-. S.Si 
?irkle-Wheik-0 1 column -250 x 4.5 mm I . r . ; , mobile 
phase: hexane/ isopropancl (99.5:0.5, v/v) , flow-race: 1 
mi/min, detection with UV detector at 210nm. Retention 
time of the desired S-isomer: 8.75 min. , retention time 
of the R-enanatiomer 10.52 min. 

Step 3: 

A solution of as- • Bis (phenylmethyi! amino ] 
benzene -or opanaidehyde .191.7 g, 0.58 moi) and 
chloroiodomethane {56.4 mL, 0.77 mol) in 
tetrahydrcfuran 1.3 L) was cooled to -30 to -35°C 
(colder temperature such as -70°C also worked well but 
warmer temperatures are more readily achieved in large 
scale operations) in a stainless steel reactor under a 
nitrogen atmosphere. A solution of n-butyllithium in 
hexane (1.6 M, 365 rnL , 0.58 mol) was then added at a 
rate that maintained the temperature below -25°C. 
After addition the mixture was stirred at -2 0 to - 2 5°C 
for 10 minutes. More additions of reagents were 
carried cut in the following manner: (1) additional 
chloroiodomethane (17 mL) was added, followed bv 
n-butyllithium 110 mL) at < -25°C. After addition 
the mixture was stirred at -30 to - 3 5 °C for 10 
minutes. This was repeated once. (2) Additional 
chloroiodomethane (3.5 mL, 0.11 mol) was added, 
followed by n-butyllithium (55 mL, 0.088 mol) at 
<-2 5°C . After addition, the mixture was stirred at 
-30 to -3 5°C for 10 minutes. This was repeated 5 
times. ; 3) Additional chloroiodomethane ;3.5 mL, 0.11 
mol) was added, followed by n-butyiiithium (37 mL, 
0.059 mol) at <-25°C. After addition, the mixture 
was stirred at -3 0 to -3 5°C for 10 minutes. This was 



repeated once. The external ceding was stopped and 
the mixture warmed to ambient temp, over 4 to 15 hours 
when TIC (silica gel, 20% ethyl acetate/hexane ) 
indicated that the reaction was completed. The 
reaction mixture was cooled to 10°C and quenched with 
1452 g of 16% ammonium chlorz.de solution (prepared by 
dissolving 232 g of ammonium chloride in 1220 mL of 
water) , keeping the temperature below 23°C. The 
mixture was stirred for 10 minutes and the organic and 
aqueous layers were separated. The aqueous phase was 
extracted with ethyl acetate 2x 500 mL) . The ethvl 
acetate ^ayer was combined with the tetrahydrof uran 
layer. The combined solution was dried over magnesium 
sulfate (220 gi , filtered and concentrated on a rotary 
evaporator at 55°C. The brown oil residue was dried at 
70°C in vacuo (0.3 bar) for 1 h to give 222.8 g of 
crude material. (The crude product weight was >100%. 
Due to the relative instability of the product on 
silica gel, the crude product is usually used directly 
in the next step without purification) . The 
diastereomeric ratio of the crude mixture was 
determined by proton :iMR: • 2S ) { 2R) : 36:14. The rr.mor 
and major epoxide diastereomers were characterized in 
this mixture by tic analysis (silica gel, 10% ethyl 
acetate/hexane) , Rf = 0.29 & 0.32, respectively. An 
analytical sample of each of the diastereomers was 
obtained by purification on silica-gel • chromatography 
(3% ethyl acetate/hexane) and characterized as 
follows : 



M,N, aS-Tris (phenylmethyl ) -2S-oxiranemethanamine 

1 H NMR (400 MHz, CDCI3) d 2.49 and 2.51 (AB-System, 
1H, Jab = 2.82), 2.76 and 2.77 (AB-System, 1H, J A B = 
4.03), 2.83 (m, 2K) , 2.99 & 3.03 (AB-System, 1H, J AB = 



j 



2 . ~" 2 * 2.34 .A3-System, 4H, 
5H; ; - 2 C MMR 400 MHz , C3C 1 3 . 
3 129.55, 123.45, 125.42, 123.14, 123.09, 126.34, 
125.37, 50.32, 54.22, 52.12, 45.59, 22. ~S; HRMS calcd 
5 for C24H26NC M+ll 2 44.477, found 344.2003. 

M, N, aS-Tris 1 pheny imethyi ; -2R-oxiranemethanamine 

1 H NMR (300 MHz, GDC 1 3 ) d 2.20 (m, 1H) , 2.59 (m, 
10 1H) , 2.75 ;rn, 2H) , 2.97 1H) , 3.14 (m, 1H) , 3.85 

(AB- System , 4H) , 7.25 'm, 15H) .HPLC on chiral 
scacionar/ phase: ?irkle-Wheik-0 1 column (250 x 4.5 
mm I.D.i, mobile phase: hexane/ isopropanol (99.5:0.5, 
v/v) , flow-race: 1.5 mi /mm, detection with UV 
15 detector at 210nm. Retention time of (8): 9.38 min. , 
retention time of enanaciomer of (4): 13.75 min. 

Alternatively, a solution of the crude 
aldehyde 0.074 mol and chloroiodomethane (7.0 ml, 

20 0.096 mol) in tetrahydrof uran (285 ml) was cooled to 
-~8°C, under a nitrogen atmosphere. A 1.5 M solution 
of n- butyl lithium in hexane ;25 ml, 0.040 mol) was 
then added at a rate zo maintain the temperature at 
-7 5 C C !addition time - 15 min. ; . After the first 

25 addition, additional chloroiodomethane (1.6 mi, 0.022 
mol) was added again, followed by n-butyl lithium '23 
ml, 0.037 mol), keeping the temperature at -75°C. The 
mixture was stirred for 15 min. Each of the reagents, 
chloroiodomethane (0.70 ml, 0.010 mol) and 

3 0 r.-butyllithium (5 ml, 0.008 mol) were added 4 more 
times over 45 min. at -7 5°C. The cooling bath was 
then removed and the solution warmed to 22°C over 
1.5 nr. The mixture was poured into 3 00 ml of 
saturated aq. ammonium chloride solution. The 

3 5 tetrahydrof uran layer was separated. The aqueous' 

phase was extracted with ethyl acetate (1 x 2 00 mi) . 




; ) 



The combined organic layers were washed with brine , 
dried over magnesium sulfate, filtered and 
concentrated tc give a brown oil 2~.4 g; . The 
produce could be used in the next step without 
purification. The desired diastereomer can be 
purified by recrystaiiization at a subsequent step. 
The product could also be purified by chromatography. 

Alternatively, a solution of aS- 
[Bis (phenylmethyl) amino] benzene-propanaldehyde ( 178 . 34 
g, 0.54 mol: and bromochlorome thane C 4 6 mL, 0.71 moi} 
in tetrahydrofuran 1.3 L) was cooled to -3 0 to -3 5°C 
(colder temperature such as -~0°C also worked well but 
warmer temperatures are more readily achieved in large 
scale operations) -Zi a stainless steel reactor under a 
nitrogen atmosphere. A solution of n-butyllithium in 
hexane {1.6 M, 340 mL, 0.54 mol) was then added at a 
rate that maintained the temperature below -25°C. 
After addition the mixture was stirred at -30 to -35°C 
for 10 minutes. More additions cf reagents were 
carried cut in the following manner: (1) additional 
bromochiorcmethane 14 mL) was added, followed by 
n-butyliithium (102 mL) at < -25°C. After addition 
the mixture was stirred at -30 to -35°C for 10 
minutes. This was repeated once. (2) Additional 
bromochloromethane (7 mL, 0.11 mol) was added, 
followed by n-butyllithium (51 mL, 0.082 mol) at 
<-25°C. After addition the mixture was stirred at -3 0 
to -3 5°C for 10 minutes. This was repeated 5 times. 

(3) Additional bromochloromethane -!7 mL, 0.11 mol) was 
added, followed by n-butyllithium .51 mL, 0.082 mol) 
at <-25°C. After addition the mixture was stirred at 
-30 to -3 5°C for 10 minutes. This was repeated once. 
The external cooling was stopped and the mixture 
warmed to ambient temp, over 4 to 15 hours when TLC 

(silica gel, 20% ethyl acetate/hexane) indicated that 



the reaction v;as completed. The reaction fixture was 
cooled to 10°C and quenched with 1452 g of 
15% ammonium chloride solution prepared by dissolving 
232 g of ammonium chloride m 1220 mL of water) , 
keeping the temperature below 23°C . The mixture was 
stirred for 10 minutes and the organic and aqueous 
layers were separated. The aqueous phase was 
extracted with ethyl acetate (2x 500 mL) . The ethyl 
acetate layer was combined with the tetrahydrof uran 
layer. The combined solution was dried over magnesium 
sulfate '220 j; , filtered and concentrated on a rotary 
evaporator at c5°C. The brown oil residue was dried at 
70°C in vacuo' 0.8 bar) for 1 h to give 222.8 g of 
crude material. 



Example 2 




Preparation of N- f [ 3S- (nhenvimethvlcarbamo vl) amino 1 -2R- 
hvdr QXV - 4 -phenv 11 - 1 - T ( 2 -me t hv 1 nrnnv 1 ) amino - 2 - ( 1 . 1 - 
dimethvlethoxvi) carbonvll butane 

To a solution of 7.51g (20.3 mmol) of N-[[3S- 
(phenylmethylcarbamoyl ) amino] -2R-hydroxy-4-phenylbuty 1 j - 
N- (2-methylpropyl) ] amine in 57 mL of anhydrous 
tetrahydrof uran was added 2.25g (22.3 mmol) of 
triethyiamine. After cooling to 0°C, 4.4g (20.3 mmol) of 
di-tert-butyidicarbonate was added and stirring continued 
at room temperature for 21 hours. The volatiies were 



removed in vacuo, ethyl acetate added, -hen washed with - 
5% citric acid, saturated sodium bicarbonate, brine, 
dried over magnesium sulfate, filtered and concentrated 
to afford 9 . Sg cf crude product. Chromatography :n 
z silica gel using 30% ethyl acetate /hexane afforded 3 . 2g 
of pure M- [ [ 3S- { phenyime thy 1 carbamoyl ) amino] -2R-hydroxy- 
4-phenyl] -1- [ ( 2 -methyipropyl ) amino-2 - (1,1- 
dimethylethoxyl) carbonyl] butane, mass spectum m/e = 477 
(M+Li) . 

10 

Example 2 a 




-5 Preparation of nhenvlmet hvl ^R-hvdroxv-^r/y 

methylfrut r y1 ! ; " me thvls uifonvl) amino 1 -1 c- 

'phePVimer-hvl) propyl^- carbamar.P 

To a solution of N[3 (3 ) -benzyloxycarbonylamino- 
20 2 (R) -hydroxy- 4 -phenylbutyl] N-isoamyiamine (2.0 gm, 5.2 
mmol) and triethylamine (723 uL, 5.5 nunol) in 
dichloromethane (20 mL) was added dropwise 
methanesulf onyl chloride (400 uL, 5.2 mmol). The 
reaction mixture was stirred for 2 hours at room 
2 5 temperature, then the dichloromethane solution was 

concentrated to ca. 5 mL and applied to a silica gel 
column -;100 gm) . The column was eiuted with chloroform 
containing 1% ethanol and 1% methanol. The phenylmethyl 
[2R-hydroxy-3- [ ( 3 -methyibutyl ) (methylsulf onyl) amino] -1S- 
2 0 (phenylmethyl) propyl] carbamate was obtained as a white 



re 



10 



solid Anal. laicd for 324K34N2C3S: C. -'2.21. 
•5.06. Found : Z , 6 2 . 1 7 ; H , ".55; M , z . i 7 . 




Preparation of ohenvimethvi f 2R-hvdroxv-3 - f j 2 - 
methvlbucvi • 'ohenvlsuif onvl) ammoi -15- 
fphenvlmethvl) propvll carbamate 



From che reaction of N[3(S)- 
benzyloxycarbony lamino-2 (R) -hydroxy-4-phenylbutyl ] 
N-isoamylamine (1.47 gm, 3.3 mmol) , triethylamine (528 
uL, 3.8 mmol ) and benzenesulf onyl chloride (483 uL, 3.8 

15 mmol) one obtains phenylmethyi [ 2R -hydroxy -3 - [ ( 3 - 
methyibutyi \ ■ phenyisuif onyl) amino] -13- 

chenyl methyl ) propyl ] -carbamate. Column chrcmotography 
on silica gel eluting v/ith chloroform containing 1% 
ethanol afforded the pure product. Anal . Calcd for 

20 C29H36N2O5S: C, 66.39; H, .5.92; M, 5.34. Found: C, 56.37; 
K, 6.93; N , 5.26. 




5 Preparation Qfi PhenyiMgthvl r 2F-fry?;rp;*y-3- r (3- 

rflgtfaylbutY;/ -'n-proganesulf cnvl) amino! -IS- 

^phenvimg^hyi) propyl: zszhamazs 

To a soluuicn of N[3 (S) -benzyloxycarbonylamino- 

10 2 (R) -hydroxy -4 -phenyl butyl] M-isoamylamine (192 mg , 0.5 
mmol) and triethylamir.e -13 9 uL, 1.0 mmol) in 
dichloromethane (10 mL) was added dropwise trimethylsily 1 
chloride ;63 uL, 0.5 mmol). The reaction was allowed to 
stir for 1 hour at room temperature, cooled to 0° C with 

15 an ice bath and then r.-propanesulf onyl chloride (56 uL, 
0.5 mmol. was added dropwise. The reaction mixture was 
stirred for 1.5 hours at room temperature, then diluted 
with ethyl acetate :50 mL) and washed sequentially with 
IN HCl, water, saturated sodium bicarbonate solution, and 

20 saturated sodium chloride solution \25 mL each) . The 
organic solution was dried over magnesium sulfate, 
filtered and concentrated to an oil. The oil was stirred 
with methanol (10 mL) for 15 hours, concentrated and the 
residue chromatographed on silica gel (50 gm S eiuting 

25 with 10% ethyl acetate in hexane (450 mL) , then with 1:1 
ethyl acetate / hexane. The phenylmethyl [2R-hydroxy-3- 
[ (3-methyibutyl) (n-prcpanesulf onyl 5 amino ] -1S- 
(phenylmethyl) propyl 3 carbamate was recrystaliized from 
ethyl ether / hexane to afford a white solid Anal. Calcd. 



fcr C2SH3SN2O5S: 2. 53.54; H , ".31; ::. 5.~1. Found: :. 
52.09; H. ".74; 17, 5.54. 




10 The procedure described in Example 2 was used to prepare 
phenylmethyl [2S -hydroxy- 3 - [ ( 3 -methylbutyl ) 
(methylsulfonyl) amino] -IS- (phenylmechyl ) propyl] carbamate. 

To a solution- of N[3 (S ) -benzyloxycarbonylamino-2 {£) - 
15 hydroxy- 4 -phenyibuty 1 ] N- isoamy lamine (192 mg, 0.5 mmol) 
and criethyiamir.e '12 9 uL, 0.55 mmol) in dichioromethane 
: ' 3 mL) was added dropwise methanesuif onyl chloride \29 
uL, 0.55 mmol). The reaction mixture was stirred for 16 
hours at room temperature, then the dichioromethane 
20 solution was applied to a silica gel column (50 gm) . The 
column was eluted with dichioromethane containing 2.5% 
methanol. The phenylmethyl [ 2S-hydroxy-3 - [ (3- 
methylbutyl) (methylsulf onyl) amino] -1S- 
( phenylmethyl) propyl] carbamate was obtained as a white 
25 solid Anal. Calcd. for C24H34N2O5S 0 0.2 K 2 0: C, 51.33; 
H, 7.44; N, 5.01. Found: C, 51.62; H, 7. '40; 11, 5.99. 



Following the procedures zt the previous Examples 1-5, 
-he intermediate ccmpcunds sec forth in Tables 1A and 13 
were prepared. 




Entry r3 r 4 





isoamyi 


p-f luoropheny 1 


>-> 


iscamyi 


p-nitrophenyi 


2 


isoamyi 


o-nitrophenyi 


4 


isoamyi 


S-naphthyl 


5 


isoamyi 


2-thienyl 


6 


isoamyi 


benzyl 


7 


isobutyl 


p-f luoropheny! 


3 


p-f luorobenzyl 


phenyl 


9 


4-pyridyimethyl 


phenyl 


10 


cyciohexyimethyl 


phenyl 


11 


ally! 


phenyl 


12 


propyl 


phenyl 


13 


cyclopropylmethyi 


phenyl 


14 


methyl 


phenyl 


15 


propargy 1 


phenyl 


15 


isoamyi 


p-chlorophenyl 



) 



TABLE 1A (Cont'd) 



Entry R 3 r4 



17 isoamyi p-methoxyphenyi 

18 isoamyi m-nitrophenyl 

19 isoamyi m-crif luoromethylphenyl 

20 isoamyi o-methoxycarbony lphenyl 
10 21 isoamyi p-acetamidophenyl 

22 isobucyi phenyl 

23 -CH 2 ?h -?h 

24 - C H 2 -<^-F -Ph 

25 -CH2— (^) -Ph 
15 26 -CH2-<^^-OCH 3 -Ph 

27 -CH2- (Of* -Ph 

28 -CH2— <^ -Ph 

29 -CH2CH=CH2 -Ph- 
20 -?h 

20 21 — -?h 

2 2 -CH2CH2Ph -Ph 

3 3 -CH2CH2CH2CH20H -Ph 
2 4 -CH2CH2N(CH3)2 -Ph 
35 -CH2CH2-N -Ph 

25 3 6 -CH3 -Ph 

37 -CH2CH2CH2SCH3 -Ph 

2 8 -CH2CH2CH2S (O) 2CH3 -Ph 

3 9 -CH2CH2CH(CH3 ) 2 

40 -CH2CH 2 CH(CH3 ) 2 -CH2CH2CH3 



) 



54 



56 



tjvple — t coat '3) 



Entry R 3 r4 



41 -CH2CH2CH(CH3 ) 2 -CH3 

42 -CH 2 CH 2 CH(CH3) 2 -<75V~F 



43 -CH2CH2CH(CH3) 2 ~^^ _CH 3 

C0 2 CH 3 , 

44 -CH2CH2CH (CH3 ) 2 

45 -CH2CH : CH3 i z - (£5}-? 

4 6 -CK2CH 1 CH3 ; 2 - ^j^-NHAc 

47 -CK2CH«CH3»2 -^^~ CH 3 

48 -CH 2 CH 2 CH 3 "^^-OCH 3 

49 -CH2CH 2 CH 2 CH3 "^^-OCH 3 

50 -CH 2 CH 2 CH(CH 3 ) 2 -CF 3 

51 -CH 2 CH(CH 3 ) 2 -CH 3 

52 -CK 7 CH«CH (CH, ) n ■ -CH„C1 

— ' - . ^ w in \ v_ ^ ^. _ , ^ 



CH : =CH 

H 2 CH(CH 3 ; 2 OCH ? 



20 55 -CH 2 CH(CH 3 ) 2 -CH=CH 2 



-CH 2 -CH)CH 3 ) (CH 2 CH 3 ) OCH? 



TAB lift 1A (Cont'd) 



Entry 



CH 



3 



3 



10 




R 3 R 4 



OH R 3 

MASS MEASUREMENT 
MOL FORM CALC FOUND 



CH 2 ^CH 3 CH3 CagHaeNaOsS 531 (M+Li) 531 




2 k >-OCH 3 C29H36N20 6 S 541 (M+H) 541 




4 /V-OCHgCHa CaoHaeNzOfeS 555.2529 555.2582 
v 0 " (M+H) 




\ //- NO ' 

\ /r cl 





v, ,y— F C2 8 H33N 2 05SF 529.2172 521.2976 

^ 'f (M+H) 




^ ^— SCH 3 C29H36N2O5S2 563 (M+Li) 563 

^~^-SOCH 3 C29H36N2O6S2 573(M+H) 573 

— {^V-S0 2 CH 3 C29H 36 N207S2 595 (M+Li) 595 



TABLE lg ', gont ' d ) 





Mass Determination 
X r8 FORMULA Calc Found 



H i J C 27 H 33 N 3 0 5 S 512.2219(M+H) 521.2267 



cr 



,CH 2 

OCH 3 ¥ C 28 H 35 N 3 0 6 S 548.2407(M+Li) 548.2434 



CH, 

C 27 H 32 N 3 0 5 SF 530(M+H) 530 



,CH 2 

CI f II C 27 H 32 N 3 0 5 SC1 546(M+H) 546 



Cr 



^CH2 

N0 2 i* (I C 27 H 32 N 4 0 7 S 557(M+H) 557 



O 



,CH 2 

OH 7 l| C 27 H 33 N 3 0 6 S 528(M+H) 528 



'■a 



TABLR l£ (CQat 'fl) 



Mass Determination 
FORMULA Calc Found 



N^CH 2 

OCH 3 r J C 28 H 35 N 3 0 6 S 542.2325(M+H) 542.2362 



,CH 2 

OCH3 T jf C 28 H 35 N 3 0 6 S 548.2407(M+Li) 548.2393 



O 



,CH 2 

OCH3 V" X C 2S H 35 N 3 0 6 S 543(M+H) 543 




" N' 

aCH 2 

C 29 H 36 0 6 N 2 S 547.2454(M+Li) 547.2475 

OCH 3 ten-Butyl C 26 H 38 N 2 0 6 S 513.261 1(M+Li) 513.2593 



OCH 3 I J C 28 H 35 N 3 O^S 564(M+Li) 564 



,CH 2 



OCH 3 ^"^jf C 28 H 35 N 3 0 7 S 564(M+Li) 564 



The following examples ~ -r illustrate 
preparation cf (3 -ammo acid intermediates . These 

intermediates can be coupled to the intermediate 
compounds of Examples 1-6 to produce inhibitor compounds 
ci the present invention containing (3 -ammo acids. 

A. Preparation of 4 ( 4-methoxybenzyl ) itaconate 




A 5 L three-necked round bottomed flask 
equipped with constant pressure addition funnel, reflux 
condenser, nitrogen inlet, and mechanical stirrer was 
charged with itaconic anhydride (660. 8g, 5.88 mol) and 
toluene (23 00 mL) . The solution was warmed to reflux and 
treated with 4-methoxybenzyl alcohol (812. 4g, 5.88 mol) 
dropwise over a 2 . 6h period. The solution was maintained 
at reflux for an additional 1 . 5h and then the contents 
were poured into three 2 1 erlenmeyer flasks to 
crystallize. The solution was allowed to cool to room 
temperature whereupon the desired mono-ester 
crystallized. The product was isolated by filtration on 
a Buchner funnel and air dried to give 850. 2g, 58% of 
material with mp 83-35°C, a second crop, 17% was isolated 
after cooling of the filtrate in an ice bath. 1h NMR 

CDCI3) 300 MHz 7.32(d, J=8.7 Hz, 2H) , S.91(d, J=8.7 Hz, 
2H) , 6.49(s, 1H) , 5.35(s, 1H) , 5.12(s, 2H) , 3.83(s, 2H) , 
3 .40 (s, 2H) . 



J 



H. Preparation of Metnyi 4 4-methcxybenzyi/ naconace 




5 A 5 L three-necked round bottomed flask 

equipped with reflux condenser, nitrogen inlet, constant 
pressure addition funnel and mechanical stirrer was 
charged with 4 ( 4-methoxybenzyl ) itaconate (453.4g, 1.81 
mol) and treated with 1, 5-diazabicyclo [4 . 3 . 0] non-5-ene 

:o ;275.5g, 1.51 mol), DEN ) , iropwise so that the 

temperature did not rise above 15°C. To this stirring 
mixture was added a solution of methyl iodide (25 6.9g, 
1.81 mol) in 250 mL of toluene from the dropping funnel 
over a 45m period. The solution was allowed to warm to 

15 room temperature and stirred for an additional 3.25h. 

The precipitated DBN hydroiodide was removed by 
filtration, washed with toluene and- the filtrate poured 
into a separatory funnel. The solution was washed with 

10 sat. aq. NaHCC3 ~ X 500 mi}, 0.2N HC1 (1 X 500 mL) , and 
brine 2 X 500 mL) ( dried over anhyd. MgS04, filtered, 
and the solvent removed In vacuo . This gave a clear 
colorless oil, 450. 2g, 94% whose IIMR was consistent with 
the assigned structure. 1r NMR 22CI3 ) 300 MHz 7.3 0 (d, 

25 J=8.7 Hz, 2H) , 6.90(d, J=8.7 Hz, 2H) , 6.34(s, 1H) , 
5.71(s, 1H), 5.09(s, 2H) , 3.82(s, 2H) , 3.73(s, 3H) , 
3.38(s, 2H) . 13c :3MR (CDCI3) 170.46, 166.47, 159.51, 
133.55, 129.97, 123.45, 127.72, 112.77, 66.36, 55.12, 
51.94, 27.64. 
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Z. Preparation zz Methyl 4 i 4 -methoxy benzyl ■ 2 ; R ) - 
methyl succinate 




A 500 mL Fisher-Porter bottle was charged wich 
methyl 4 ( 4 -methoxybenzyl ) itaconate (71. ig, 0.269 mol), 
rhodium (R, R) TiPAMP catalyst (204mg, 0.269 mmol, 0.1 
mol%) and degassed methanol -215 mL) . The bottle was 
flushed 5 times with nitrogen and 5 times with hydrogen 
to a final pressure of 40 psig. The hydrogenation 
commenced immediately and after ca. Ih the uptake began 
to taper off, after 2h the hydrogen uptake ceased and the 
bottle was flushed with nitrogen, opened and the contents 
concentrated on a rotary evaporator to give a brown oil 
that was taken up in boiling iso-octane (ca. 200 mL, this 
was repeated twice) , filtered through a pad of celite and 
the filtrate concentrated in vacuo to give 66. 6g, 93% of 
a clear colorless oil, -H NMR ! CDCI3 300 MHz 7.30 (d, 
J=3.7 Hz, 2H) , 5 . 9 1 ! d , J=3 . 7 Hz, 2H) , 5 . J 3 ( s , 2H) , 
3.32(s, 2H) , 2.£7(s, 2H) , 2.95(ddq, J=5.7, 7.5, = .7 Hz, 
1H) # 2.79(dd, J=8.i, 16.5Hz, IH) , 2.45'dd, J=5.7, 15.5 
Hz, 1H) , 1.23(d, J = 7.5 Hz, 2H) . 

D. Preparation of Methyl 2 (R) -methy lsuccinate 

A 3 L three-necked round-bottomed flask 
equipped with a nitrogen inlet, mechanical stirrer, 
reflux condenser and constant pressure addition funnel 
was charged with methyl 4 ( 4 - me thoxy benzyl ) 2(R)- 
methylsuccinate (432. Sg, 1.55 mol) and toluene (1200 mL) . 
The stirrer was started and the solution treated with 
trif luoroacetic acid (600 mL.) from the dropping funnel 
over 0.25h. The solution turned a deep purple color and 
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the internal temperature rose to 4 5°C . After stirring 
for 2.25h the temperature was 2~°2 and the solution had 
acquired a pink color. The solution was concentrated on 
a rotary evaporator. The residue was diluted with water 
HOC mL) and sat. aq. NaHC23 1000 mL) . Additional 
NaHC03 was added until the acid had been neutralized. 
The aqueous phase was extracted with ethyl acetate ■: 2 X 
10 00 mL) to remove the by-products and the aqueous layer 
was acidified to pH=1.3 with cone. HC1. This solution 
was extracted with ethyl acetate (4 X 1000 mL) , washed 
with brine, dried over anhyd. MgS04 , filtered and 
concentrated on a rotary evaporator to give a colorless 
liquid 251g, >100% that was vacuum distilled through a 
short path apparatus cut 1: bath temperature 120°C <i 
>lmm, bp 25-29°C; cut 2: bath temperature 140°C S 0.5mm, 
bp 95-108°C, 15ig, [ai d 9 25 c C = + i . 38°C (c = 15 . 475 , MeOH) , 
[a] d =+8.48°C (neat); cut 3: bath temperature 140°C, bp 
108°C, 36g, [a] d £ 25°C = ^i . 49°C ( c = 15 . 00 , MeOH), [a) d 

=+8.93°C (neat). Cuts 2 and 3 were combined to give 
189g, 78% of product, 1h NMR ( CDC 1 3 ) 300 MHz 11.6 (brs, 
1H) , 3.72(s, 2H) , . 2.92 (ddq, J=5.7, 6.9, 3.0Hz, 1H) , 
2.31(dd, J=3.0, 16.8 Hz, 1H) , 2.47(dd, J=5.7, 16.8 Hz, 
1H) , 1.26 (d, J=6.9 Hz, 3H) . 



E. Preparation of Methyl Itaconate 

CH 5 



HO' - -° CH ' 



A 50 tlL round bottomed flask equipped with 
reflux condenser, nitrogen inlet and magnetic stir bar 
was charged with methyl 4 ( 4-methoxybenzyl ) itaconate 
(4.00g, 16 mmoi), 12 mL of touluene and 6 mL of 
trif luoroacetic acid. The solution was kept at room 
temperature for 12 hours and then the volatiles were 
removed vflCUQ ■ The residue was taken up in ethyl 



acetate ana excraccea ".nree times wicr. saturated aqueous 
sodium bicarbonate solution . The combined aqueous 
extract was acidified to pH=i with aqueous potassium 
bisulf ate and then extracted three times with ethyl 
acetate. The combined ethyl acetate solution was washed 
with saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, filtered, and concentrated 
jjl vflCUC . The residue was then vacuum distilled to give 
1.23g, 75% of pure product, bp 85-87 5 0.1 mm. 1h NMR 
;CDCl3) 300 MHz 6.34(s, IK), 5.73(s, 2H) , 3.76(s, 3H) , 
3.38(s, 2H) . 13c NMR (CDC13 > 177.03, 166.65, 129.220, 
132.99, 52. 2~, 37.46. 

?. Curtius Rearrangement cf Methyl 2 (R) -methylsuccinate 
Preparation cf Methyl M-Moz -a-methyl (3-alanine. 




A = L four necked round bottomed flask equipped 
with a nitrogen inlet, reflux condenser, mechanical 
stirrer, constant pressure addition funnel, and 
thermometer adapter was charged with methyl 2{R)- 
methylsuccinate (184. lg, 1.26 mol) , triethylamine 
(165. 6g, 218 mL, 1.64 mol, 1.3 equivalents), and toluene 
{1063 mL) . The solution was warmed to 85°C and then 
treated drcpwise with a solution of diphenylphosphory 1 
azide (346. Sg, 1.26 mol) over a period of 1.2h. The 
solution was maintained at that temperature for an 
additional l.Ch and then the mixture was treated with 
4 -methoxybenzy 1 alcohol ( 17 4 . lg, 1.2 5 mol) over a 0.3 3h 
period from the dropping funnel. The solution was 
stirred at 3S°C for an additional 2.25h and then cooled 
to room temperature. The contents cf the flask were 
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poured ir.to a separator/ funnel and washed vrizh sac. aq. 
MaHCCs 2 X 500 mL. , 0 . 2N EC I 2 :•: 500 mL) , crir.e 1 X 
500 mL) , iried ever anhyd. Mg£C4 , filtered, and 
concentrated in vacuo ~o give 2 2 2 . 2 g , 5 5% z f the desired 
5 produce as a slightly brown oil. iH NMR . ZTCl; 2 00 MHz 
7.22(d, J=3.4 Hz, :h), 5.91id, J=5.4 Hz, 2Hi ( -S.Z.brm, 
1H) , 5.35(s, 2H) , 2.33IS, 2H) , 2.73(s, 3H) f 2.25im, 2H) f 
2.70 <m, 2H) , 1. 20 id, J=7.2 Hz, 3H) . 

10 G. Hydrolysis of Methyl N-Moz-oc-methyl P-aianine: 
Preparation of a-methyl (3-alanine Hydrochloride 



equipped with a reflux condenser, nitrogen inlet and 
mechanical stirrer was charged with methyl N-Moz -a-methyl 
p-alanine (218. 6g, 0.78 mol) , glacial acetic acid (975 
mL) and 12N hydrochloric acid (I960 mL) . The solution 

20 was then heated to reflux for 2h. After the solution had 
cooled to room temperature (ca. Ih) the aqueous phase was 
decanted from organic residue (polymer) and the aqueous 
phase concentrated on a rotary evaporator. Upon addition 
of acetone to the concentrated residue a slightly yellow 

25 solid formed that was slurried with acetone and the white 
solid was isolated by filtration cn a Buchner funnel. 
The last traces of acetone were removed by evacuation to 

give 97. 7g, 90% of pure product, mp 128 . 5 -13 0 . 5°C [a]^ @ 

a 

25°C=9.0°C (c = 2.535, Methanol). Ih NMR <D20) 300 MHz 
30 3.29<dd, 0=8.6, 13.0 Hz, IH) , 3.1S(dd, J-5.0, 13.0m Hz, 
1H) , 2.94(ddq, J=7 . 2 , 5.0, 8.6 Hz, IH) , 1.30(d,J=7.2 Hz, 
3H) ; 13c NMR (D2O) 180.84, 44.56, 40.27, 17.49. 
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A 5 L three-necked round bottomed flask 



BocN 




A solution of a-methyl b-alanine hydrochloride 
(97.7g, 0.70 mol) in water (1050 mL) and dioxane (1050 
mL) the pH was adjusted to 8.9 with 2 . 9N NaOH solution. 
This stirring solution was then treated with di- cere- 
butyl pyrocarbonate <183.3g, 0.84 mol, 1.2 equivalents) 
all at once.' The pH of zhe solution was maintained 
between 3.7 and 9.0 by the periodic addition of 2 . 5N NaOH 
solution. After 2 . 5h the pH had stabilized and the 
reaction was :udged to be complete. The solution was 
concentrated on a rotary evaporator (the temperature was 
maintained at <40°C) . The excess di-tert -butyl 
pyrocarbonate was removed by extraction with 
dichloromethane and then the aqueous solution was 
acidified with cold IN HC1 and immediately extracted with 
ethyl acetate (4 x 1000 mL) . The combined ethyl acetate 
extract was washed with brine, dried over anhyd . MgS04, 
filtered and concentrated on a rotary evaporator to give 
a thick oil 127. 3g, 90% crude yield that was stirred with 
n-hexane whereupon crystals of pure product formed, 
95.65g, 57%, mp 76-78°C, [o] d & 25°C=-11.8°C ic=2.4, 

EtOH) . A second crop was obtained by concentration of 
the filtrate and dilution with hexane, '15. 4g, for a 
combined yield of lll.OSg, 78%. 1h NMR (acetone Dg ) 200 
MHz 11.7 fbrs, 1H) , 6.05 (brs 1H) , 3.35 (m, 1H) , 3.22 !m, 
1H) , 2.50 (in, 1H) , i.45(s, 9H) , 1.19 (d, J=7 . 2 Hz, 2H> ; 
13c NMR (acetone De) 177.01, 79.23, 44.44, 40.92, 29.08, 
15.50. Elemental analysis calcd. for C9H17NO4 : C, 
53.19, H, 3.42; N, 6.89. Found: C, 53.36; H, 3.46; M, 
6.99 . 
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Preparation zz N-4-Methcxybenzy ioxycarbonyi a-Methyi 
P~ Alanine 

A solution zz 2J-4-methoxybenzyicxycarbcnyi 
5 a-methyi (3-aianine methyl ester -2.31a, 13. C rnmoi • in 2 0 

mL of 25% aqueous methanol was created with lithium 
hydroxide {1.3 equivalents) at room temperature for a 
period of 2h . The solution was concentrated in vacuo and 
the residue taken up in a mixture of water and ether and 

io the phases separated and the organic phase discarded. 
The aqueous phase was acidified with aqueous potassium 
hydrogen sulfate to pH=l . 5 and then extracted three times 
with ether. The combined ethereal phase was washed with 
saturated aqueous sodium chloride solution, dried over 

15 anhydrous magnesium sulfate, filtered and concentrated in 
vacuo to give 2.50 g, 97% of N-4-Methoxybenzyloxycarbonyl 
oc-methyl (3-alanine (N-Moz-AMBA) which was purified by 
recrystallization from a mixture of ethyl acetate and 
hexane to give 2.44g, 91% of pure product, mp 96-97°C, 

20 MH+=268. lH NMR \Ds -acetone/ 3 00 1 MHz) 1.16 (3H, d, 

J=7.2Hz), 2.70 (IK, m) , 3.31 (2H, m) , 3.31 (3K, s), 4.99 
(2H, s), 6.92 -2H, 4, J=8.~ Hz), 7.13 (2H, d, J=3.7 Hz). 



Foil owing generally the procedure of Example ~. 
one P-amino acids sec for or. in Table 1 were prepared. 

Table 2 




1 -CH 3 

2 -CH(CH 3 ; 2 

3 -C(CH 3 ) 3 

4 H 

5 H . 

6 K 
" K 
3 H 

9 -CH 2 CH 3 ' 

10 -CH 2 CH(CH 3 > 2 

11 -CH 2 C 6 H 5 

12 -CH 2 — O~0H 

13 "CH 2 -0 

14 -CH 2 COOH 

15 H 

16 H 

17 H 



H 




H 


H 




H 


H 




H 


H 




H 


-CH 3 
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H 
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-CH(CH 3 ) 2 
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-CH 2 CH(CH 3 ) 2 


H 


-CH 2 




H 



uncrv 



pi 



13 :-: -CH2CI 

19 H -(CH2)3~^^ H 

20 H -(CK 2 )4~"^^ H 

21 H • .- (CH 2 ) 3CH(C6H 5 ) 2 H 



Example 9 

15 Utilizing generally the procedure set forth in 

Example 7, the following (3-amino acid compounds were 

prepared . 



NH. 



o 

2 >— AdH 



20 
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Preparation of 4-FVridinecarbQxamide. 
N-r2R-hvdroxv-3-> r [ (4-methoxvphenvl) su lfonvll (2- 
methvlpropvl 1 amino i -IS- 'ohenvlme thvllnrnnvl 1 

To a solution of 231 mg (0.57 mmol) of 2R- 
hydroxy-3-[ (2-methyipropyl 5 v 4-methoxyphenyl) sulf onyi] 
amino-lS- (phenyimethyi ) propylamine in 3 mL of methylene 
chloride at O C, was added 2 38 mg(2.85 mmol) of 
triethylamine and then 112 mg(0.63 mmol) of isonicotinoyl 
chloride hydrochloride. After 19 hours at room 
temperature, the solvent: was removed, ethyl acetate 
added, then washed with saturated sodium bicarbonate , 
brine, dried with magnesium sulfate, filtered and 
concentrated to afford 290 mg of crude product. This was 
chromatographed cn silica gel using 3-5% 

isopropanoi/methyiene chloride as eluent to afford 190 mg 
of the desired compound; mass spectrum calc. for 
C27H34N3C5S (M - H) 512.2219; found 512.2280. 
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5 Preparation of Benzamide. 

methvlpropvl) amino t -IS- ■ phenvlmethvl) propyl! -2 , S-dimer.hvl 

To a solution 3f 33 rag (0.55 mmol ) of 2,5- 
10 dimethylbenzoic acid and 125 rug (0.32 mmol) of N- 

hydroxybenzotriazole in 3 mL of anhydrous DMF at O C was 
added 117 mg (0.61mmoi) of 1- ( 3 -dimethylaminopropyl ) -3 - 
ethylcarbodiimide hydrochloride. After 2 hours at O C, 

203 mg (0.50 mmol) of 2R-hydroxy-3 - [ (2-methylpropyl) (4- 

i 

15 methoxyphenyl ) sulfonyl] amino-iS- (phenylmethyl ) propylamine 
was added. After 22 hours at room temperature, the 
solvent was removed m vacuo, ethyl acetate added, then 
washed with saturated sodium bicarbonate, brine, dried 
over magnesium sulfate, filtered and concentrated to 

20 afford 300 mg of crude product. Chromatography on silica 
gel using 20-50% ethyl acetate/hexane afforded 37 mg of 
the desired product; mass spectrum calcd for C30H38N2O5S 
(M+H) 539.2580; found 539.2632. 




Preparation of Benzamide, M- f 2R-hvdroxv-3 - [ [ ( 4- 
methoxvphenvl) sulfonvll (2-methvlpropvi) amino 1 -is- 
'PfrenylmethyilqrQPYll -methyl. 

Part A. Preparation of 4-Mitro-2-methylbenzoic Acid. 

A mixture of 1 . Og (3 . Smmol) of 2-iodo-nitrotoluene , 
2 . Ig (15 . 2mmoi ) potassium carbonate and 27mg ( 0 . 03 8mmol ) of 
palladium ( II) dichloride bis ( triphenylphosphine ) in a 
mixture of 5mL of water and 10 mL of N, N-dimethylf ormamide . 
This was placed in a Fisher/Porter bottle under 15psig of 
carbon monoxideand heated at 70 C for 16 hours. The 
solution became homogeneous when heated. The reaction was 
cooled, diethyl ether and water was added, the organic layer 
separated and discarded. The aqueous layer was acidified 
with IN hydrohloric acid, extracted with ethyl acetate, 
washed with water, brine, dried over magnesium sulfate, 
filtered and concentrated to yield 0 . 5g of crude material. 
This dissolved in ethyl acetate, hexane added and the 
resulting brown solid discarded. The filtrate was 
concentrated, and then recrystallized fom diethyl 
ether/hexane to afford 215mg of 4-nitro-2-methylbenzcic 
acid, m/e=132 !M+H) . 



Part 3. Preparation of Benzamide , [ 2R- hydroxy -5 - ■ ■ 4- 
methoxyphenyl ; suifonyi ] •; 2 -me thy ipropy 1) amino: -15- 
phenyimethyi . propyl • -2 -methyl -4 -nit rc . 

To a solution of ISlmg { 1 . Ommoi ) of 4 -nitre -2 -methvibenzcic 
acid and 220mg ( i . 5mmoi ) N-hydroxybenzotriazoie in 2mL of 
anhydrous N, N-dimethylf ormamide at 0 C, was added 
211mg (i. immol) of 1- i 2 -dimethyl amxnopropyl ) -3- 
ethylcarbodiimide hydrochloride. After stirring at 0 c for 
1 hour, 406mg (lmmol) of 2R-hydroxy-3 - [ (2-methyipropyl) (4- 
methoxyphenyl) suifonyi] ammo -IS- (phenylmethyl ) propylamine 
was added. After 17 hours at room temperature, the solvent 
was removed under reduced pressure, ethyl acetate added, 
washed with 5% citric acid, saturated sodium bicarbonate, 
brine, dried with magnesium sulfate, filtered and 
concentrated to yield 0.55g of crude product. This was 
chromatographed on silica gel using 20-50% ethyl 
acetate/hexane as eiuent to afford 0.49g of the desired 
benzamide, N- [ 2R-hydroxy-3 - [ [ ( 4 -methoxyphenyl ) suifonyi] (2- 
methylpropyl) amino] - IS- (phenylmethyl ) propyl ] -2 -methyl- 4- 
nitro, m/e=570(M+H) . 

Part C. Preparation of Benzamide, :i- [2R-hydroxy-3 - [ [ ( 4- 
methoxyphenyi } suifonyi ] i 2 -methy Ipropy 1 ) amino ] -1S- 
( phenylmethyl ) propyl ] -2 -methyl- 4 -ammo . 

A solution of 400mg(0.70mmol) of benzamide, N- [ 2R-hydroxv-3 - 
[ [ (4 -methoxyphenyl) suifonyi] ( 2 -methy Ipropy 1 ) amino ] -1S- 
(phenylmethyl ) propyl ] -2-methyl-4-nitro from part B in 20mL 
of methanol was hydrogenated over 0.2 g of 10% palladium on 
carbon catalyst under 50 psig of hydrogen for 2.5 hours. 
The catalyst was removed by filtration and the solution 
concentrated to afford 370mg of the desired benzamide, N- 
[ 2R-hydroxy- 3 - [ [ (4 -methoxyphenyl; suifonyi] (2- 
methyipropyi! amino] -IS- {phenylmethyl ) propyl ] -2 -methyl -4- 
amino, m/e=540 (M+H) . 



methoxyphenyi 1 suif cnyi ] { 2 -methyiprcpyi } amine ] -15- 
. phenyimethyl ; propyl ] -2 -methyl- 4 -dimethyiarriir.o . 

A solution of 1 . 17g i 0 . 3 lmmol . of benzamide, M- : 2R- 
hyciroxy-3 - [ [ (4 -methoxyphenyi) suifonyi] (2- 

methy ipr coy 1 ) amino j -IS- (phenyimethyl) propyl j -2 -methyl -4- 
amino from part C in 5mL of methanol and 0 . 20mL of 2 7% 
aqueous formaldehyde was hydrogenated over 90mg of 10% 
palladium on carbon under 15psig of hydrogen for 16 
hours. The catalyst was removed by filtration, the 
solvents removed under reduced pressure to afford 0.16g 
of crude material. Chromatography on silica gel using 
50% ethyl acetate as eluent afforded 0.12g of the desired 
benzamide, N- [ 2R-hydroxy-3 - [ [ (4- 

methoxyphenyl ) suifonyi] (2-methylpropyl) amino] -IS- 
(phenyimethyl) propyl ] -2-methyl-4-dimethylamino r 
m/e=568 (M+H) . 



Preparation of Benzamide. N- r2R-hvdroxv-l- f r f 4- 
hvdroxvphenvl) sulfonvll (2-methvlp roDvl)aminol -1S- 
' phenvlmethvl) Propyl 1 -2-methvl. 

To a solution cf 500 mg(lmmoi) of 2R-hydroxy-5 - [ (2- 
methylpropyl) ( 4 -hydroxypheny 1 5 sulf onyl] amino-iS- 
(phenyimethyl) propylamine in 2 mL of methylene chloride and 
2 mL of it, N-dimethyif ormamide , was added 0.42 mL of 
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triechyiamine, followed by 3.12 roL c f ortho-toiucyi 
chloride. After 17 hours, -he solvent was removed under 
reduced pressure, the residue dissolved in ethyl acetate, 
was with 5% citric acid, saturated sodium bicarbonate and 
brine, dried ever anhydrous magnesium sulfate, filtered and 
concentrated to afford 490 mg of crude material. This was 
chromatographed over lOOg of silica gel using 20-50% ethyl 
acetate/hexane as eluent to afford 232 mg of the desired 
product, m/e=511 (M+H) . 




Preparation of Ml- [ 2R-hvdroxv-3 - [ ( 3 -methvlhur vl ■ .'methvl- 
sulfonvl) amino' -IS- »phenvlmethv l) propyl! -2S- [ (2- 
c?uinoiinvicarbonvl ; amine j butanediamide 

?&XZ A: 

A solution of phenylmethyl [2R-hydroxy-3 - [ ( 3 - 
methylbutyl) (methylsulf onyl ) amino] - IS- (phenylmethyl ) - 
propyl] carbamate prepared as in Example 3 (100 mg) in 
methanol (10 mL) was hydrogenated over 10% palladium on 
carbon for 2 hours, filtered through diatomaceous earth 
and concentrated to give the product as an oil. 

Part B: 

A solution of M-CBZ-Lt-asparagine (61 mg, 
0.23 mmoi; and il-hydroxybenzotriazoie (33 mg, 0.22 mmol) 
in DMF '.2 mL) was cooled to .0° C with an ice bath and 
then EDC 4 2 mg, 0.22 mmol) was added. The solution was 
stirred for 3 0 minutes at C° C and then the product of 



) 
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Pare A (69 nig , 0.21 mmoi ) in DMF (2 rrJL.) was added. After 
2 0 minutes at 0° C the reaction was allowed to v;ar^ to 
room temperature and stir for 15 hours. The reaction 
mixture was then poured into a 5 0% saturated aqueous 
= solution of sodium bicarbonate '.'100 mL) and the resulting 
white precipitate collected by suction filtration, washed 
with water and dried in vacuo. The phenyimethyi 
[3-amino-lS- ■[ [ 2R- hydroxy -2 - { ( 3 -methylbuty 1 ) 
(methylsulf onyl) amino] -IS- (phenyimethyi ) amino] carbonyl ] - 
10 2 -oxopropy 1 j carbamate was obtained as a white solid Anal. 
Calcd. for C28H4ON4O7S . 0.5 H2O: C, 57.42; H, 7.06; N, 
9.57. Found: C, 57.72; H, 7.21; N, 9.24. 

Part C: 

15 A solution of phenyimethyi [3-amino-lS- [ [2R- 

hydroxy-3- [ ( 3 -methylbuty 1 ) (methylsulf onyl) amino] -1S- 
■ phenyimethyi) amino] carbonyl] -3 -oxopropy 1] carbamate 
;13 5 mg, 0.23) in methanol '15 mL) was hydrogenated over 
10% palladium on carbon for 6 hours, filtered through 

20 diatomaceous earth and concentrated to give the product 
as an oil. 

To a solution of the product from Part C (101 
25 mg, 0.23 mmoi) in DMF (5 mL) was added 2-quinoiine 

carboxylic acid N-hydroxysuccinimide ester (57 mg, 0.25 
mmoi) . The reaction was stirred at room temperature for 
16 hours, then poured into a 50% saturated solution of 
sodium bicarbonate (60 mL) . The resulting solid was 
20 collected by suction filtration washed with water and 
dried in vacuo. The Nl- [ 2R-hydroxy-3 - [ (3 -methylbuty 1) 
■methylsulf onyl) -amino] -IS- (phenyimethyi ) propyl ] -2S- [ (2- 
quinolinylcarbonyl) -amino ] but anedi amide was obtained as a 
white solid Ajial . Calcd. for C30H39N5O6S . 0.1 H2O: C, 
25 58.52 ; H, 6.71; N, 11.37. Found: C, 53.34-; H, 6.35; N, 
11.13 . 
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Preparation of Ml- ■ 2R-hvdroxv-3- [ i 3-mef.hvltair.vi) 
'phenvlsulfonvi) amino 1 -is- (phenvimethvl)nmpvll -2S- , r n- 
guinoiir.y Icarbonvi ) amino i butansdiamide , 

Part A: 

The C3Z protected compound phenyimethyi [2R- 
hydroxy-3- [ { 3 -methylbutyl ) (phenylsulf onyl ) amino ] -1S- 
(phenyimethyl) propyl] carbamate (200 mg, 0.3 8 mmol) was 
deprotected by hydrogenation over 10% palladium on carbon 
and the resulting product obtained as an oil. 

Part B: 

The free amine from Part A was coupled with 
N-CBZ-L-asparagine (109 mg, 0.41 mmol) in the presence of 
H-hydrcxybenzotriazole (63 mg, 0.41 mmol) and EDC (77 mg, 
0.40 mmol) to give phenyimethyi [3 -amino -IS- [ [2R-hydroxy- 
3- [ (3-methylbutyl) (phenylsulf cnyl ) amino] -1S- 
( phenyimethyi) amino] carbonyl] -3 -oxopropyl ] carbamate as a 
white solid Anal. Calcd. for C33H42N4O7S: C, 52.05; H, 
6.63; N, 3.77. Found: C, 61.36; H, 6.60; N, 3.64. 

Part C: 

The product of Part 3 (110 mg, 0.17) was 
deprotected by hydrogenation over 10% palladium on carbon 
to give che product as an oil. 



The resulting free amine was coupled with 
2-quinoiine carboxyiic acid :7-hydroxysuccimmide ester 
■45 mg , 0.17 mmol; to give III- [2R-hydrcxy-5 - • « 2 - 
methyibucyl) (pher.ylsuif cnyi ; amino ] -1S- 
(phenylmethyl) propyl j -2S- [ (2- 

quinolinylcarbonyi ) amino j butanediamide as a white solid 
Anal. Calcd .for C35H41N5O6S: C, 63.71;_H, 5.26; M , 
10.61. Found: C, 53.59; H, 6.42; N, 10.42. 




Preparation of 2S- f F (dimethviamino) argt vll amino 1 -N- r 2R- 
hvdroxv-3- [ (3-methvlbutvl) ( me thvlsul f onv 1 ) amino 1 - 1 S - 
t'phenvlmethvDpropvll -2 , 3 -dimethvlbutanamide 
?^rr A: 

To a solution of H-CBZ-L-tert-ieucine (100 mg, 
0.3 8 mmol) and U-hydroxybenzotriazole (52 mg, 0.3 4 mmoi) 
in DMF (3 mL) was added EDC {65 mg, 0.34 mmol). The 
solution was stirred for 60 minutes at room temperature 
and then the product of Example 10 r Part A (105 mg, 0.3 2 
mmol) in DMF (2 mL) was added. The reaction was stirred 
for 16 hours at room temperature, then poured into a 50% 
saturated solution of sodium bicarbonate '50 mL) . The 
aqueous mixture was extracted twice with ethyl acetate 
(25 mL) . The combined ethyl acetate layers were washed 
with water (25 mL) and dried over magnesium sulfate. 
Filtration and concentration produced an oil which was 
chromatographed on silica gel (50 gm) eiuting with 2.5 % 
methanol in dichloromethane . The phenyimethyl [1S-[[[2R- 



r.yarcxy-j- • 2 -methyibucyl :■ - mecnyxsulf onyl . amino j - IS- 
'phenylmethyl ;• propyl ] amino ] -car bony I ] -2,2- 
dimethyiprcpyi ) carbamate was obtained as a gummy sol: 
Anal. 2alcd . for C30K45M3C6S 0 2.2 H?C : C, 53.55; K, 
3.09; :i, 6.82. Found: 2, 58.2 2; H, "."; M , ^.10. 



A solution of phenylmechyi [IS- [[ [ 2R-hydroxy-5 - 
L (3 -methylbutyl) (mechyisulf onyl) amino ] -IS- 
io (phenylmethyl) propyl] amino] carbonyl] -2 , 2- 

dimethylpropyl] carbamace '100 mg, 0.17 mmol) in mechanol 
(10 mL) was hydrogenaced over 10% palladium on carbon for 
2 hours. The reaction v;as filtered through diacomaceous 
earch and concencraced to an oil. 

15 

Part; Z: 

N, N-dimechylgiycme (20 mg, 0.19 mmol), 
M-hydroxybenzocriazoie '28 mg, 0.18 mmol) and EDC (3 5 mg, 

20 0.18 mmol) were scirred in DMF (4 mL) ac room temperature 
for 4 0 minutes. The product from Part 3 in DMF (4 mL) 
was added and the reaction mixture stirred for 16 hours, 
then poured into a 50% sacuraced sodium bicarbonace 
solution (50 mL) . The aqueous mixture was excracced 

25 three times with dichioromethane (30 mL) which in turn 
were washed with water '30 mL) and dried over magnesium 
sulfate. Filtration and concentration afforded an oil. 
The oil was chromatographed on silica gel (50 gm) eluting 
initially with 2.5 % methanol in dichioromethane (400 mL) 

20 and then with 5% methanol in dichioromethane. The 2S- 
[ [ (dime thy lamino) acetyl] amino j -N- [2R-hydroxy-3- [ (3- 
mechylbucyl) (mechyisulf onyl 5 amino] -IS- (phenylmethyl) - 
propyl] -3 , 3 -dimethylbutanamide was obtained as a white 
solid Anal. Calcd. for C26H46N4O5S 0 2.5 CH2C12 : C, 

25 56.04; H, 3.34; M, 9.37. Found: C, 56.06; H, 8.36; N, 
9.70. 



-xampie 



CH 3% 



CH 3 O 





OH 



Preparation of 2S- [ [ ( dime chvl amino) acetyl 1 amino 1 -n- r?R - 
hydroxy- 3- [ '3-methvi- bucvi) (phenvlsulf onvl) ami nol -IS- 



1.7 mmol) and N-hydroxybenzotriazoie (2 60 mg, 1.7 mmol) in 
DMF (10 mli) was added EDC (307 mg, 1.6 mmol). The solution 
was stirred for 60 minutes at room temperature and then the 
product of Example 11, Part A (585 mg, 1.5 mmol) in DMF 
i*2 mL) was added. The reaction was stirred for 16 hours at 
room temperature, then poured into a 50% saturated solution 
of sodium bicarbonate -.200 mL) . The aqueous mixture was 
extracted thrice with ethyl acetate .50 mL) . The combined 
ethyl acetate layers were washed with water (50 mL) and 
saturated NaCi solution =50 mL) , then dried ever magnesium 
sulfate. Filtration and concentration produced an oil which 
was chromatcgraphed on silica gel (50 gm) eluting with 20% 
ethyl acetate in hexane. The pheny imethyl [1S-[[[2R- 
hydroxy-3- [ (3 -methylbutyl) (phenylsulf onyl ) amino] -IS- 
(pheny Imethyl) propyl] amino] carbonyl] -2,2- 

dimethylpropyl] carbamate was obtained as a solid Anal. Calcd 
for C35H47N3O6S: C, 65.91; H, 7.43; 6.59. Found: C, 

65.42; H, 7.24; M, 6.55. 



P^T ft: 



To a solution of M-CBZ -L- cert -leucine (450 mg, 




A sciucicn of phenyimethyi [ IS- [ [ [ IR-hydrcxv-2 - 
■ {3-methyibutyi; phenyisulf onyi ; - amino] -1S- 
phenyimethyi; propyl] amino] carbonyi] -2,2- 
dimethyipropyi] carbamate (200 mg , 0.31 mmoi) in methanol 15 
mL) was hydrogenated ever 10% palladium on carbon for 2 
hours. The reaction was filtered through diatomaceous earth 
and concentrated to an oil. 

10 

Part C : 

The resulting free amine from part 3 (150 mg, 0.3 
mmoli was combined with diisopropylethyiamine (114 uL, 0.33 

15 mmoi) in dichloromethane (5 mL) . To this was added 

bromoacetyl chloride (27 uL, 0.33 mmoi) dropwise. The 
reaction was stirred for 3 0 minutes at room temperature, 
then diluted with dichloromethane (30 mL) and extracted with 
1 N HC1, water, and then saturated NaCl solution (25 mL 

20 each) . The organic solution was dried over MgSC>4 and 

concentrated to a. solid. The 2S- [ [bromoacetyl ] amino ] -N- 
[2R-hydroxy-3 - [ ( 3 -methy lbuty 1 ) (phenyisulf onyl ) amino ] - IS- 
(phenyimethyi) propyl] -3 , 3 -dimethyibutaneamide was 
sufficiently pure for use in the next step. This material 

25 can also be prepared by substituing bromoacetic anhydride 
for bromoacetyl chloride, or one can use chloroacetyl 
chloride or chloracetic anhydride. 

Part P: 

3 0 

The product from part C was dissolved in 
dichloromethane (5 mL) and diisopropylethyiamine (114 uL, 
0.66 mmoi) and dimethylamine hydrochloride (53 mg, 0.66 
mmoi) were added. The reaction was stirred for 13 hours 
3 5 then concentrated under a stream of nitrogen to about 1 mL. 
The residue was chromatographed cn silica gel (50 gm) using 
2% methanol in dichloromethane. The 2S- [ [ (dimethylamino) - 



10 



15 



20 



acetyl] amino] -M- [ 2R- hydroxy -5 - i ■: 3methy ibucyi " - 

pheny Isuif onyl . amine j -IS- ■ chenyimethyi . cropvi ] -2 , 2 - 
dirnethyibutaneamiae was obtained as a solid. Anal. 3aicd 
for C31H48N4O5S: C , 53.24; K, 3.22; M, 9. 52. Found: Z, 
53.33; H . 3.01; IT, 5.40. 

Example 12C 



O i H 



PgeParar.iQn of r r imethvlamino) acetvll ami n o! -N- f2R- 

(3-niRrhvl- butyl) (phenyl sulfonvl ) ami nol -1 g. 
(Phenvlmethvl ) propyl 1-3,3 -dimethvlh n taneamidft 




2S- [ [bromoacecyl] amino] -N- [ 2R -hydroxy- 3 - [ (3- 
methylbutyl) ( pheny lsuif onyi ) ammo] - IS - ■ pheny lmethyi ) propyl ] - 
2 , 2 -dimechylbucaneamide vl03 rug, 0.16 mmol) and 40% aqueous 
mechylamine «42 uL, 3.49 mmol) were combined in ethanoi 
(2 mL) and stirred at room temperature for 2 4 hours. The 
reaction mixture was concentrated to dryness and triturated 
with ether. The solid material was removed by filtration 
and the filtrate concentrated to an oi-1 . The oil was 
chromatographed on silica !50 gm) using 4% methanol in 
25 dichloromethane. The 2S- [[ (methylamino) acetyl] amino] -N- [2R- 
hydroxy-3- [ ( 3 -methylbutyl ) (phenylsulf onyl ) amino ] -1S- 
(phenylrnethyl) propyl] -3 , 3 -dimethylbutaneamide was obtained 
as a solid. Anal. Calcd for C30H46N4O5S: C, 52.69; H, 
3.07; n, 9.75. Found: C, 52.38; H, 3.14; M, 9.60. 



20 



) 




5 Preparation of Pentanamide, 2S- 

r [ (Dimethviamino) ) acetyl 1 amino 1 -N- f 2R-hvdroxv-3 - [ ■ 3- 
rngt^Yl^tYi)PhgnYigyjL£onYit) gm^Ql -is- 
( ohenv Ime t hvi \ propyl 1 3 5 -methvl - 

io p a yt A; 

To a solution the amine product of Example 11, 
Part A; (2.79 g, 7.1 mmol) in 27 mL of dioxane was added 
(2.3 g, 7.1 mmol) of N-t-butylcarbonyl-L-isoleucine-N- 
hydroxysuccinamide ester, and the reaction was stirred under 

15 nitrogen atmosphere for 16 hours. The contents of the 
reaction were concentrated in vacuo , and the residue 
dissolved in ethyl acetate, washed with potassium hydrogen 
sulfate (5% aqueous), saturated sodium bicarbonate, and 
saturated sodium chloride. The organic layer was dried over 

20 magnesium sulfate, filtered and concentrated to yield 4.3 

grams of crude material which was chromatographed using 3:1 
ethyl acetate: hexane to obtain 3.05g, 72% yield of 
Pentanamide, 2S- [ [ (1, 1-dimethylethoxy ) carbonyl] amino] -N- [2R- 
hydroxy-3- [ (3-methylbutyl)phenylsulf onyl) amino] -15- 

25 (phenylmethyl) propyl] -3 -methyl- . 

Pfrrt; 3 

(3.05g, 5.0 mmol) of the product from Part A; was 
dissolved in 20 mL of 4N HC1 in dioxane and stirred under 
:o nitrogen atmosphere for 1.5 hours. The contents were 



) 



concentrated in vacuo, and chased with diethvi 
crude hydrochloride sale was pumped or. at 1 cm 
co yield 2.54 g cf produce as ics hydrochicrc.de 

- — - - 

;2.54 g, 5.0 mmoi} of amxne hydrochloride was 
dissolved in 5 0 mL cf c ecrahydrof uran and to -his was adde 
i 1.01 g. 10 mmol; of 4 -methyl -morpho line , ac which cime a 
precipitate forms. To this suspension was added 

10 chloroacetic anhydride (0.365 g, 5.0 mmoi) and stirred for 
40 minutes. The contents were concentrated in vacuo, and 
the residue partitioned in ethyl acetate -200 mL) and 5% 
KHSO4. The organic layer was washed with saturated sodium 
bicarbonate, and saturated sodium chloride, dried over 

15 magnesium sulfate, fiicered and concentrated to yield the 
crude product. Purification by silica gel chromatography 
using an eluant of 1:1 ethyl acetate; hexanes yielded 1.89 
grams of pure chloroacetamide . 



ether - . "^o.e 
Kg unci! cry 
sale . 



20 Part D: 

To a solution of chloroacetamide {1.39 g, 3.2 
mmol) from Part C, in 25 mL of tetrahydrof uran was added 4.0 
mL of 50% aqueous dimethylamine and che solution was stirred 
for I hour. The solution was concentrated in vacuo and the 

15 residue was dissolved in ethyl acecate and washed with 

water. The organic layer was dried over magnesium sulfate, 
filtered and concentrated to yield the crude product which 
was purified by crystallization from ethyl acetate and 
isooctane to yield 1.S0 g, (88% yield), mp. = 121-122 C, 

10 HRes. MS. calc. 589.3424, found 589.3405. 





5 Preparation gf ?ent r anamide , 2S- [ [ (Methvlamino) a cerv i 1*nn nnl - 
N- f ^p.-hvdrnxy- ; - ■ [ 3 -mer.hvibutvl ) ( phenyl sn 1 f onvl laminni^i^ 
(phenvlmerhvn prowl 1 - 3s-mechvl- 

To a solution of -he chloroacecamide of Example 
10 12D, Part C, (2.26 g, 4.0 mmol) in tetrahydrof uran (25 mL) 
was added 3 mL of aqueous methylamine 40 wt%, and the 
reaction stirred for 1 hour. The contents were concentrated 
and the residue was partitioned between ethyl acetate (100 
mL) and water (100 mL) . The organic layer was dried over 
15 magnesium sulfate, filtered and concentrated to yield the 

crude product, which was purified by recrystallization from 
ethyl acetate heptane; M+K) 575 . HRes. found 575.3267. 




LAPTOP, 



20 



- 3 




OCH 3 



5 Preparation Oi Penrqnamide, 3S- f f ( Dim^rh^l aw H qq ) arprv 3 j am , ^ 

W- f2R-hvdrnw-3- f n.-nP thvlnrnnyl ) ^4- 

methQ^YPhPnylgulfonV! ■ amino. - K., P h snV 1mpr>iy1 ) 
oronv; 1 •■■-^^1 - 

10 Parr, A.- 

To a solucion of 2R-hydroxy-3 - [ (2 - 
methylpropyl) ( 4-mechoxyphenylsulf onyl) amino] 1-S -propylamine 
(1.70 g, 4.18 mmol) in 40 mL of dichloromethane was added N- 
carbobenzyloxy-L-isoieucme-N-hydroxysuccinamide ester (1.51 
15 g, 4.18 mmol) and the solucion stirred under nitrogen 

atmosphere for 16 hours. The contents were concentrated in 
vacuo and the residue was redissoived in ethyl acetate. The 
ethyl acetate solution was washed with an aqueous solution 
of 5% KHSO4 1 saturated sodium bicarbonate, and saturated 
sodium chloride, dried over magnesium sulfate, filtered, and 
concentrated to yield 2.47g of crude product. The product 
was purified by silica gel chromatography using 1 2:1 
hexane: ethyl acetate eluant to yield 2 13 g. (84% yield) of 
Pentanamide, 2-[ ( carbobenzyloxy ) amino j -N- [ 2 -hydroxy -3 - [ (3- 
methylpropyl) ? 4-methoxyphenylsulf onyl ) amino] -1- 
(phenylmethyl) propyl] -3 -methyl-. [ 4- (R* , s* , S* , ) ] . 



10 



?art 3: 



1.13 ?. 1.3 mmoi. :: the product from Part .-. was 
dissolved m 50 mL cf methanol, and to this was added 250 rr.c 
of 10% Palladium or. Carbon while under a stream of nitrogen. 
The suspension was hydrogenaced using 50 psig of hydrogen 
for 20 hours. The contents were purged with nitrogen and 
filtered through ceiite, and concentrated in vacuo to yield 
93 5 mg of Pentanamide, 2S- (amino) -N- [ 2R-hydroxy-3 - [ (3 - 
methylpropyl) (4-methoxyphenylsuif onyl ) amino] -1-S- 
(phenylmethyl ) propyl ] -3S-methyi-, which was used without 
further purification. 



15 



Pare C: 

0.:9 3 5 g, 1.8 mmoi) of the amine from Part B was 
dissolved in 15 mL of dioxane and to this was added (190 mg, 
1.85 mmoi) of 4 -methyimorpholir.e folowed by (0.315 g, 1.8 
mmoi) of chloroacetic anhydride. The reaction mixture was 
stirred under nitrogen atmosphere for 3 hours, concentrated 
in vacuo, and redissolved in ethyl acetate. The ethyl 
20 acetate solution was washed with 50 mL of 5% agueous KHS04 , 
saturated NaHC0 3 , and saturated NaCl solution, dried over 
MgS0 4 , filtered and concentrated to yield 613 mg, (68% 
yield) of Pentanamide, 2S- f ( chioroacetyi ) amino j -N- [ 2R- 
hydroxy-3-i i 3 -methylpropyl ) ( 4-methoxyphenylsuif onyl ) amino ] - 
25 IS- (phenylmethyl ) propyl] -3S-methyl-, after purification by 
silica gel chromatography using 1:1 hexane: ethyl acetate. 

Part D: 

To a solution of the chloroacetamide from Part C; 
(67 3 mg, l.io mmoi) in 20 mL of tetrahydrofuran was added 5 
mL of 50 wt% aqueous dimethylamine and the solution was 
stirred for 1 hour. The reaction was concentrated and the 
residue was redissolved in 50 mL of ethyl acetate and washed 
with 25 mL of water. The ethyl acetate layer was dried over 
magnesium sulfate, filtered and concentrated to yield a 
crude solid which was purified by silica gel column 
chromatography using an eluant of 97:3 



20 



IS 



dich lor erne thane : methanol to proivcie 400 mg of Per.cana: 
2S- r [Dimethylamino) acetyl] amino] -M- [ 2R-hydrcxv-3 - [ 2 - 
methy lpropy i ) ( 4 - mechoxypheny i sui f ony I :■ amino j - IS - 
•. phenyimethy 1 5 propyl ■ - 3 S -methyl - . 



Example ~~A 




Preparation of Carhamir acid. r2R-hvri r oxv- V r f M- 
^AmethY^mApophpnyiJ sulfonvl 1 (2-mprhv l D mnv1) am ino)-i s- 



To a solution of lOOmg (0.19 mmol) of carbamic 
acid, [ 2R-hydroxy-3- [ [ ■: 4 -f luorophenyl ) sulfonvl] (2- 
methylpropyl) amino] -is- < phenyimethy 1 ) propyl] -, 
phenyimethy! ester in i mL of pyridine was added 53 ul o 
triethyiamine and 120 UL -.p. 95 mmol) of 40% aqueous 
dime thy lamine. After heating for 2 4 hours at 100 C. the 
solution was cooled, ethyl acetate added, then washed 
with 5% citric acid, saturated sodium bicarbonate, dried 
over magnesium sulfate, filtered and concentrated. The 
resulting solid was recrystallized from ethyl 
acetate/hexane to afford 10 mg of the desired product; 
mass spectrum m/e = 540 (M+H) 




5 Preparation of Carhamir acid, f 2R-hvdrnw-3 - f [ ( d - 
methOXYPhenvl ' sulfonvll .'2-mer.hvTpronvl )a m inol-1fi- 
l Phenvi met hv 1 ) nmnvi.1 - . - - uridyl mpr.hvl °sr P r 

Part h; 

10 A solution of N-benzyioxycarbonyl-3S-amino-i, 2- 

S-epoxy-4-phenyibutane (50g, 0.168 mol) and isobutylamine 
(246g, 3.24 mol) z.n 650 mL of isopropyl alcohol was 
refluxed for 1.2 5 hours. The solution was cooled . to room 
temperature, concentrated in vacuo and then poured into 

15 1L cf stirring hexane whereupon the product crystallized 
from solution, was collected and air dried to give 57.5 g 
of M- [ 3 S -benzyl oxycarbonylamino-2R- hydroxy -4 -phenyl ] -N- 
isobutylamine, mp 108-109.5 c, mass spectrum 
m/e=371 (M+H) . 

20 

Part 3 : 

The amine from part A (l.llg, 3.0 mmol) and 
triethylamine :324mg, 3.20 mmol) in 20 mL of methylene 
chloride was treated with 715 mg(3.46 mmol) of 4- 

25 methoxybenzenesulfonyl chloride. The solution was 

stirred at room temperature for 6 hours, concentrated, 
dissolved in ethyl acetate, -hen washed with IN potassium 
hydrogen sulfate, saturated sodium bicarbonate, brine, 
dried over magnesium sulfate, filtered and concentrated 

20 to afford a clear oil. This was recrystallized from 
diethyl ether to afford 1.2" g of carbamic acid, [2R- 



nydroxy -2 - ' ; 4 -methoxypheny i • suif cnyi ] i 2 - 
mechyipropy i : amino ) -IS- • phenyimecny 1 : propyl] - , 
phenylmechyl ascer, mp 57-iGi c, -ass speccruir 
(M+H) . 



Parr 



A solution of ?30mg (3.20 mmol) of the product 
of part 3 in 30 mL of methanol was hydrogenated in the 
presence of 70 mg of a 10% palladium on carbon catalvst 
under 40 psig for 17 hours, the catalyst was removed by 
filtration, and the solution concentrated to afford 704 
mg of [2R-hydroxy-3-[ [ (4-methoxyphenyl) sulfonyl] (2- 
methyipropyl ! amino] -is- • phenylmechyl ) propylamine, mass 
spectrum m/e = 407 :m+H> . which was used directly in che 
next step wichouc purification. 

Parr, n- 

To a solution of 2 . 5g (22.9 nunol) of 3- 
pyridylcarbinol in 100 mL of anhydrous acetonitrile was 
added 8.8 g (34.4 mmoi] of N. N' -disuccinimidyl carbonate 
and 5.55 mL (68.7 mmol) of pyridine. The solution was 
stirred for 1 hour and then concentrated in vacuo. The 
residue was dissolved in ethyl acetate, then washed with 
saturated sodium bicarbonate, brine, dried over magnesium 
sulfate, filtered and concentrated to afford 5.3 g of N- 
Hydroxysuccinimide-3-pyridylmethyl carbonate, mass 
spectrum m/e = 251 (M+H) , which was used directly in the 
next step without purification. 

Pflft R; 

To a solution of the amine from part C (2.87g, 
7.0 mmol) and 1.3 8 mL of triethylamine in 24 mL of 
anhydrous methylene chloride was added a solution ofl.55g 
(6.6 mmol) of N-hydroxysuccinimide-3 -pyridyl carbonate 
from part D in 24 mL of methylene chloride. The solution 
was stirred for 1 hour, 100 mL of methylene chloride 
added, then washed with saturated sodium bicarbonate, 



crine , fried over sodium sulfate, filtered and 
concentrated to afford 2.69 z zt crude product. 
Chromatography on silica gel using 1% methane 1. methylene 
■chloride co afford 2.17 g of carbamic acid, ; 2R-hydroxy- 
3-- [ (4-rr:echoxyphenyi • suifonyij • 2 -me chyl propyl : amino] -13- 
iphenyimethyi; propyl] - , 3 -pyridyimechyl ester, mass 
spectrum m/e = E48 (M+Li) . 



Example 'T 




Preparation Of Carbamic arin , f2R-hvHrnw--!. 

[ (phenyl sulfonvi ) (2-mprbvinrowi Lami n aJ -is- 

(PhenvimechvDnrotavn-. ^ - nvridvlmarhvl ^t-^ 
?arr -.: 

.-. solution of N-benzy icxy car bony 1 - 2 S - amino -1,2- 
3-epoxy-4-phenyibutane (50g, 0.158 mol) and isobucylamine 
(246g, 2.24 mol) in 650 mL of isopropyl alcohol was 
refluxed for 1.2 5 hours. The solution was cooled to room 
temperature, concentrated in vacuo and then poured into 
1L of stirring hexane whereupon the product crystallized 
from solution, was collected and air dried to give 57 . 6 g 
of N- [2 S-benzyloxycarbonylamino-2R-hydroxy-4 -phenyl] -N- 
isobutyiamine, mp 108-109.5 C, mass spectrum 
m/e=371 (M+H) . 



Part 3: 

The amine from part A ;0.94g, 2.5 mmol) and 
triethyiamine (288 mg,2.85 mmol} in 20 mL of methylene 



chloride was created wich 451 .ngi2.oi envoi; cf 
benzenesuifcnyi chloride. The solution was H -rred at 
room temperature for 15 hours, concentrated, dissolved 
in ethyl acetate, then washed wxth IN potassium hydrogen 
sulfate, saturated sodium bicarbonate, brine, dried over 
magnesium sulfate, filtered and concentrated to afford a 
clear oil. This was recrystaliized from diethyl ether 
and hexane to afford 0.73 g of carbamic acid, ~[2R- 
hydroxy-3-[ (phenylsulf onyl) ( 2 -methylpropyl ) amino] - IS - 
(phenylmethyi)propyl]-, phenylmethyl ester, mp 95-99 C, 
mass spectrum m/e=5il :m+H) . 



A solution of SOOmg of carbamic acid, [2R- 
hydroxy-3- f phenylsulf onyl ) ,' 2 -methylpropyl ) amino] -1S- 
( phenylmethyl) propyl]-, phenylmethyl ester in 20 mL of 
methanol was hydrogenated in the presence of 250 mg of a 
10% palladium on carbon catalyst under 40 psig for 3 
hours, the catalyst was removed by filtration, and the 
solution concentrated to afford 352 mg of [2R-hydroxy-3 - 
[ (phenylsulf onyl] ) 2 -methylpropyl ) amino] - is - 
Phenylmethyl) propylamine, mass spectrum m/e = 377 (M+H) 
which was used directly in the next step without 
purification. 



Part p : 



To a solution of 1.24 mmol of 5-norbornene-2 , 3- 
dicarboximido carbonochloridate (Henklein, p., et . al 
Synthesis 1987, 166-167) in 1 mL of anhydrous ' me thvlene 
chloride, was added a solution of 43 H L (2.44 mmol) of 3- 
pyridylcarbinol and 129 \xl .1.6 mmol) of pyridine in 1 mL 
of methylene chloride at 0°C under a nitrogen atmosphere. 
After 4 hours at room temperature, 150 mg (0.4 mmol) of 
[2R-hydrcxy-3-[ (phenylsulf onyl] ) 2 -methylpropyl ) amino] -is- 
( phenylmethyl! propylamine from Part C above was added and 
100 HL of pyridine. After stirring for 15 hours at room 
temperature, ethyl acetate was added, then washed with 111 



r-yarochloric acid, saturated sodium bicarbonate, br — 
cried over magnesium sulfate, fiicered and ccr.centrated 
co arroro 175 mg of crude product. Chromacooraohv — e- 
S1 " C2 gex usin 9 1% methanol, "methylene chloride c D = *^ r 
^ mg of pure carbamic acid, :2R-hydroxy-3 - 
I Lohenylsulfonyii (2-methyipropyi) amino] - is - 
'iphenyimethyl) propyl]-, 3 -pyridylmethyi ester, mass 
spectrum m/e = 512.2267 (M+H) ; calcd for C 27 H33N30 5 S, 
512.2219. 



Examnlg i 




icid , 



To a solution of 211mg (0.29 mmol) of carbamic 
i2R-hyaroxy-3-[r ( 4- m ec h oxyphenyi)sulfonyl] (2- 
methylpropyl ) amino] -is- (phenylmethyl ) oropyl] - 3- 
pyridylmethyi ester in 5 mL of methylene chloride at 3 C 
was added 500 mg of 50% 3 -chloroperbenzoic acid After 
starring at room temperature for 1 hour, ethyl acetate 
was added, the solution washed with saturated sodium 
bicarbonate, 0 . 2N ammonium hydroxide solution and br^ne 
dried over magnesium sulfate, filtered and concentrated' 
to atford 200 mg of crude oroducc . s was 

chromatographed on CIS reverse phase material using 20- 

0o acetonitrile/water, then 100% aceconitriie to afford 
90mg of the desired product, which was then 



recrystaliized from echyi acetate/ iscoctane to vieid 24 
cr pure carbamic acid, ; 2R-hydroxy- 2 - [ [ ( 4 - 
nechoxyphenyi) suifonyi] ■; 2 -methyiprcpyi ) amino j -is- 

phenyimethyi ) propyl] -, 2 -pyridyimethyi ester, H-cxide; 
mass spectrum m/e=554 M+Lr ) 



Sxamnl e 



cr 




OH 



PrSPgrflrion of rarbamir ag^L f^-hvri m yv-1-[[ f; i. 

hydro^yptipnyi ) snif^i i f^-n,^ >,yT Prnnv1 ^ w , ir| ^ 1 .-, 0 _ 
Part a ; 

A solution of 0.98 g (1.35 nunol) of carbamic 
acid, [2R-hydroxy-3-[ [ 1 4 -f luorophenyl) suifonyi] (2- 
methyipropyi) amino] -is- ■ phenylmethyi ; propyl] -phenylmethyi 
ester in 3.8 nL of anhydrous DMF was added to 22mg 7.4 
mmol) of 80% sodium hydride in 2 mL of DMF. To this 
mixture was added 0.40g (3.7 mmol) of benzyl alcohol. 
After 2 hours, the solution was cooled to O C , water 
added, and then ethyl acetate. The crganic laver was 
washed with 5% cirtic acid, saturated sodium bicarbonate 
and brine, dried over magnesium sulfate, filtered and 
concentrated to afford 0.90g of crude material. This was 
chromatographed on basic alumina using 3% 
methanol/methylene chloride to afford 0.70g of 2R- 
hydroxy-3- [ (2-methylpropyl) ( 4 -hydroxyphenyl ) suifonyi ] 
amino-is-(phenylmethyi)propyl am ine, cyclic carbamate; 
mass spectrum m/e=509 (M+H) . 



10 



30 



Tc a soiu::on of 3. £5? 1.23 rind: rf -he 
cyclic carbamate from pare A ir. 15 mL of ethane! , was 
added 2 . 5 mL 6.4 mmoi; of 2 . 5N sodium hydrcxide 
solution. After 1 hour at reflux, 4 mL of water was 
added and the solution refluxed for an additional eight 
hours. The voiatiles were removed, ethyl acetate added, 
and washed with water, brine, dried over magnesium 
sulfate, filtered and concentrated to afford 550 mg of 
crude2R-hydroxy-3- i i 2 -methylpropyl ! (4- 
hydroxyphenyl ) sulfonyl ] amino- IS - 
• phenylmethyi ) propylamine . 

Parr. P- 

A solution of crude 2R-hydroxy-3 - [ ( 2 - 
methylpropyl) (4 -benzyl oxyphenyl ) sulfonyl] amino-lS- 

(phenylmethyl ) propylamine in 10 mL of ethanol was 
hydrogenated in the presence of 500 mg of a 10% paildium 
on carbon catalyst under 50 psig of hydrogen for 2 hours. 
The catalyst was. removed by filtration and the solvent 
removed in vacuo to afford 330 mg of 2R-hydroxy-3 - [ (2- 
methyipropyl) ( 4 -hydr oxyphenyl ) suif onyl ] amino- IS - 

.phenylmethyi) propylamine, mass spectrum m/e = 393 M+H) 

Parr, n- 

To a solution of 320 rag '0.82 mmoi) of the 
amine from part C in 6 mL of DMF, was added 192 mg (0.76 
mmoi) of N-hydroxysuccinimide-3-pyridylmethyl carbonate. 
After 15 hours at room temperature, the DMF was removed 
in vacuo, ethyl acetate added, washed with water, brine, 
dried with magnesium sulfate, filtered and concentrated 
to afford 3 90 mg of crude material. Chromatogrpahy on 
silica gel using 50-30% ethyl acetate/hexane afforded 180 
mg of carbamic acid, [2R-hydroxy-3 - [ [ ( 4 - 
hydr oxyphenyl) sulfonyl] (2 -methylpropyl) amino] -IS- 



pnenyimethyi : propyl ; - , 3 -pyridyimechyl escer , -ass 
spectrum m/e = 52 8 ?M+K} . 




och 3 



Preparsr-^cn -f rarhaimr ^cin. ' ?R - hvriT-ow-3- ■ f : 4- 
methOXYPhenvl ■JSUJ *onvi1 --^rhvlnm n vDaminol -K- 
(PhenYj,IHqr r hYl>Prorv\1-, = -ovrimidvlmorl-n/1 a pfa r 

To a solution of 9 . 5mg (0.09mmol) of 5- 
pyrimidylcarbinol in imL of anhydrous acetonitrile at 
room temperature, was added 24mg (0.09mmol) of n , N ' - 
disuccinimidyl carbonate and 19.1 hl (0.24mmol) of 
pyridine. After stirring for 5 hours , 32 mg (0.08mmol) 
of 2R-hydroxy-3 - [ (2-methyipropyl) (4- 

me thoxypheny i i sui f ony 1 j ammo -IS- i pheny imethy i ) propylamine 
was added and the solution stirred for 48 hours. After 
concentration in vacuo, methylene chloride was added, 
then washed with a 1:1 mixture of saturated sodium 
bicarbonate and brine, dried over magnesium sulfate, 
filtered and concentrated to give 27 mg of crude product. 
Chromatography on silica gel using 2% methanol /methyl ene 
chloride afforded 22 mg of the desired product, mass 
spectrum m/e=543 (M+H) . 
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Preparation ^fcarbamic acid. -- j R-hvrh-nyy-.i- r r fa- 
me thoxypliepvl )suifonv1 1 (2-mPrr.vl nmnvl )amino1-1S- 
■ Phenyl mPrhyl 'r^OPVi;-. --.•.'.^innny ririvD^r-nvl 0 .rpr 

Part A. Prepare ion of Ethyl 6-Aminonicotinate . 
To a suspension of 1.3g (9.4 mmol) 6-aminonicotinic acid in 
100 mL of ethanol, was bubbled in dry hydrochloric acid ac 0 
C, chen the solucion was refluxed until all the solids 
dissolved. The solvents were removed under reduced 
pressure, the residue dissolved in ethyl acetate, washed 
15 with saturated sodium bicarbonate, brine and concentrated to 
afford i.37g of a white solid, m/e=166 (M+H) 

Pare 3. Preparation of Sthyi --(tert- 
Butyioxy car bony lamino ) nicot inate . 

20 A mixture of 848 mg ( 5 . 1 mmol) of ethyl 6-aminonicotinate 

from part A, l.IIg<5.1 mmol) of di-cert-butyipyrocarbonate 
and 0.71mL(5.1mmol) of triethylamine in 10mL of anhydrous 
toluene was refluxed for 15 hours. The solution was cooled, 
ethyl acetate added, washed with saturated sodium 

25 bicarbonate, brine, dried over anhydrous magnesium sulfate, 
filtered and concentrated to afford 1.28g of the desired 
ethyl 5- ( tert-butyloxycarbony lamino ) nicot inate , 
m/e=267 (M+H) , which was used directly in the next step. 

3 0 Part c. Preparation of 6- • tert-Butyloxycarbony lamino ) -2 - 
pyridylmethanoi . 
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IS 



To 4.5 mL>4.5 mmoi . zz a 1M sciuticn of lithium aiummum 
hydride m diethyl ether at -40 C under a nitrogen 
atmosphere, was added a slur ion cf -'I3mgi2.3 .-moi. :: ethvi 
c- (tert-butyloxycarbonyiamino)nicctinate from pare B in 40 
mL cf anhydrous tetrahydrcfuran. After -he addition, "his 
was warmed to room temperature, stirred for 3 hours, cooled 
to 0 C, and 145 UL of water, I45^L of 20% sodium hydroxide 
solution and 2 90^L of water were successively added. To the 
resulting mixture was added 50mL of tetrahydrof uran and 
stirring continued for 30 minutes. Anhydrous magnesium 
sulfate was added, the solids removed via filtration and the 
filtrate concentrated under reduced pressure to afford 460 
mg of the desired product, m/e=224 ;m+ ) . which was used 
directly in the next step. 

Part D. Preparation of Carbamic acid, [ 2R-hydroxy-3 - [ ; (4- 
methoxyphenyl) sulfonyi] (2-methylpropyl ) amino] -1S- 
(phenylmethyl) propyl] -, 3-[ (6-tert- 
butyloxycarbonylamino)pyridyl] methyl ester. 
To a solution of 336 mg (1.5mmol) of 6-(tert- 
butyloxycarbonylamino) -3-pyridylmethanol from part C in 14 
irtL of anhydrous acetonitrile at room temperature under a 
nitrogen atmosphere, was added 384 mg(1.5mmoi) of N , N ' - 
disuccinimidyl carbonate and 3 64JIL ; 4 . 5mmol ) of anhydrous 
pyridine. After 4 hours, 406mg(lmmoi) of 2R-hydroxy-3 - [ (2- 
methylpropyl ) ( 4-methoxyphenyl ) sulfonyi ] amino- IS - 
(phenylmethyl) propylamine was added and stirring continued 
for 19 hours. The solvent was removed under reduced 
pressure, ethyl acetate added, washed with saturated sodium 
bicarbonate, brine, dried over magnesium sulfate, filtered 
and concentrated to afford 702 mg cf crude product. 
Chromatography on silica gel using 1% methanol/methylene 
chloride as eiuent afforded 170 mg of the desired carbamic 
acid, [2R- hydroxy- 3- [ [ (4-methoxyphenyl) sulfonyi] (2- 
methylpropyl) amino] -IS- (phenylmethyl) propyl] -, 3-[ (6-tert- 
butyloxycarbonylamino)pyridyl] methyl ester, m/e=663 (M+Li) 
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Parr E. 



.-reparaticn of Carbamic acid, [ 2R- hydroxy -3 - ; .' ■ 4- 
methoxyphenyi ) suifcnyi] (2-mechyiprcpyl) amino 1 - IS - 
■phenyirr.echyi i prcpyi ] - , 3 - • 6 -amincpyridyi • methyl ester . 

To 5mL =f -IN hydrochloric acid m dicxane ac room 
temperature, was added 150mg ( 0 . 23mmol ) of carbamic acxd, 
[2R-hydroxy-3-[ [ ( 4 -mechoxyphenyi) suifonyi] (2- 
mechyipropyi) amino] - IS - ( phenylmethy 1 ) propyl ] - , 3-r (6-tert- 
butyloxycarbonylaminojpyridyl] methyl escer from part D. 
After stirring at room temperature for 28 hours, che solvent 
was removed under reduced pressure, the resulting solids 
triturated with diethyl ether, then dissolved in ethyl 
acetate and saturated sodium bicarbonate siution, separated, 
the organic layer washed with brine, dried with magnesium 
sulfate, filtered and concentrated. The residue was 
chromatographed on silica gel using 2.5% methanol /methylene 
chloride to yield 59mg of the desired carbamic acid, [2R- 
hydroxy-3-[ [ ( 4-methoxyphenyl ) sulf onyl] (2- 
methylprcpyl ) amino j - is - ( phenylmethy 1 ) propyl ] - , 3 - ( 6- 
aminopyridyl ) methyl ester, m/e=557 (M+H) 

ExamnlP 1^ 




Preparer, -op of rarhamir phh , r 2«-hyrir 0xv . 3 - r r !a - 
hydroxypfrpnyl^nf^ii 

ipher n yJ,me^hyl)pro rv ii-, 3. ^- qff »in o P vri dvi )^.hvi 

Pare A. Preparation of Carbamic acid, [ 2R-hydroxy-3 - [ [ ( 4- 
methoxyphenyl) suifonyi] (2-methyipropyi)amino) -IS- 



. phenylmethyl . propyl j - , ■ 6-tert - 
buty icxycarbcr.yiaminc : pyridy 1 ] methyl ester . 

To a solution of 505 nig 2.25mmol! of ~ - ■ tert - 
5 butyioxycarbonyiamino ) -2 -pyridy lmethanoi from ir. 23 mL of 
anhydrous aceconicrlle at room temperature under a nitroaen 
atmosphere, was added 576 mgi2.2 5mmol! of N,N'- 
disuccinimidyi carbonate and 5 46^L ( 6 . 75mmol ) of anhydrous 
pyridine. After 1 hour, S37mg ( 1 . S7mmol } of 2R-hydroxy-3 - 

10 [ (2-methylpropyl) ( 4-hydroxyphenyl ) sulf onyl] amino-iS- 

(phenyimethyl) propylamine was added and stirring continued 
for 3 hours . The solvent was removed under reduced 
pressure, ethyl acetate added, washed with saturated sodium 
bicarbonate, brine, dried over magnesium sulfate, filtered 

15 and concentrated to afford 1.37g of crude product. 

Chromatography on silica gel using 1% methanol /methylene 
chloride as eiuent afforded 830 mg of material which was 
identified as a mixture of the desired carbamic acid, [2R- 
hydroxy-3-[ [ (4-hydroxyphenyl) sulf onyl] (2- 

20 methylpropyl ) amino] -IS- 'phenylmethyl) propyl] -, 3-[(6-tert- 
butyloxycarbonylamino)pyridyl] methyl ester and the cyclic 
carbamate derived from the 2R-hydroxy-3 - [ (2-methylpropyl) (4- 
hydroxyphenyl) sulf onyl ] amino-is- (phenylmethyl ; propylamine . 
The mixture was very difficult to separate, so was used as 

15 is in the next step. 

Part B. Preparation of Carbamic acid, :2R-hydroxy-3 - [ [ ( 4- 
hydroxyphenyi) sulf onyl] (2-methylpropyl) amino] -1S- 
( phenylmethyl) propyl] -, 3 -( 6-aminopyridyl ) methyl ester. 

;o 

To 83 0mg of the mixture from part A, was added 50mL of a 1:1 
mixture of ■ trif luoroacetic acid and methylene chloride. 
After 2 . 5 hours at room temperature , the solvent was removed 
under reduced pressure, ethyl acetate added, washed with 
35 saturated sodium bicarbonate, dried over magnesium sulfate, 
filtered and concentrated to afford 720 mg of crude 
material. This was chromatgraphed on silica gel using 5% 



methanol/ ethyl acetate as eiuent :d yield 220mg of product 
which was recrys tail i zed f rem methylene chloride/ diethyl 
ether to afford lOSmg zi the desired carbamic acid, ]2R- 
hydroxy -5 - [ * : 4 - hydroxy phenyl • suif onyi ] ( 2 - 
methyiprcpyi : amino] -IS- -pheny imethy 1 ) propyl] - , 2 - • 6- 
aminopyridyi) methyl ester, m/ e=549 (M+Li ) . 



Example 117 
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Preparation of Carbamic arid. f2R-hvri,roxv^-f f(A- 
mgthQ^yphenvl ) sul f onvl 1 ( 2 -mp f.hvlnrnpyl ) ami nn 1 - 1 p , 
(phenylmfitfryl ) propyl ]- r 3 - f 6-hvdroxvnvri dvl) m^.hvi ' 

15 

Part A . Preparation of tert-Butyldimethylsilyl 6-(tert- 
butyldimethyisiloxy ) nicotinate . 

To a solution of 5 . Og ( 2 5 . 9mmol 5 of 6-hydroxynicotinic acid 
20 in 200mL of anhydrous N, N-dimethyif ormamide at room 

temperature, was added 3.56g ;i25mmol) of imidazole and then 
13 .5g(89mmol) of tert-butyidimethylsilyl chloride. After 20 
hours, the solvent was removed under reduced pressure, ethyl 
acetate added, washed with water, 5% citric acid, saturated 
25 sodium bicarbonate, brine, dried over anhydrous magnesium 

sulfate, filtered and concentrated to afford 10.5 g of crude 
material, m/e=368(M+H) . 

Part B. Preparation of 3 - ( 6-tert- 
30 butyldimethylsiloxy ) pyridylcarbinol . 



To llniL 2 £ 1M solution of l::nium aluminum hydride m 
diethyl ether at -2 5 c under a nitrogen atmosphere, was 
added a solution of 2 . jg < 5 . 4 6mmoi ) zi prodtct from cart A in 
2 0mL of anhydrous diethyl ether. After 3 0 minutes, the 
reaction was warmed to 0 C and stirred for 40 minutes. The 
solution was then quenched by the careful addition of 0.42mL 
of water, G . 42mL of 20% sodium hydroxide solution, and 
0.84mL of acer. Ethyl acetate was added, the precipate 
filtered and the organic phase concentrated to yield 0.93 g 
of crude 3 - ( 6-tert-butyldimethylsiloxy ) pyridylcarbinol , 
which was used directly in the next step. 

Part C. Preparation of Carbamic acid, [2R-hydroxy-3 - [ [ (4- 
methoxyphenyi ) sulf onyi ] ( 2 -me thy lpropy 1 ) amino ] -1S- 
(phenylmethy 1 ) propyl ] - . 3 - ( 6 -hydroxypyridyl ) methyl ester . 

To a solution of 860mg ( 3 . 6mmol ) of material from part B in 
15mL of anhydrous acetonitrile, was added 919mg ( 3 . 6mmol ) of * 
N,N'disuccinimidyl carbonate and 0.87mL of pyridine. After 
1 hour, 1. 42g(3 . 5mmol) of 2R-hydroxy-3 - [ ( 2 -methy lpropy 1 ) ( 4- 
methoxyphenyl) sul.f onyl] axnino-lS- ( phenylme thy 1 ) propylamine 
was added. After 14 hours at room temperature, the solvent 
was removed under reduced pressure, the residue disslved in 
ethyl acetate, washed with 5% citric acid, saturated sodium 
bicarbonate, brine, dried over magnesium sukfate, filtered 
and concentrated to afford 2.1 g of crude material.. This 
was directly deprotected by dissolving in 40mL of 80% acetic 
acid/water and stirring for 2 hours. The solvents were 
removed under reduced pressure, the residue dissolved in 
ethyl acetate, washed with saturated sodium bicarbonate, 
brine, dried over magnesium sulfate, filtered and 
concentrated to afford 1.7g of crude product. This was 
chromatographed on silica gel using 50-100% ethyl 
acetate/hexane to provide a fraction of 0.19g of fairly pure 
material, which was further purified by reverse phase 
chromatography using 15-40% acetoni trile/water ( 0 . 05% 
trif luoroacetic acid) to provide 12Cmg of the desired 



) 



carbamic acid, 1 2?. -hydroxy -5 - • { ■. 4-mechoxypher.yi . suif c 
rnechyiprcpyi; amine] -IS- ■ phenylmechyi ; propyl ; - . 3- • 6- 
hydroxypyridy i ; methyl escer , m/ e= 5 53 iM+n } . 



20 




Preparar.ion nfCarbamic acid, r ^ -hvrimw-^.r r {A . 
10 nYdrQXYPhenvl ) su J ™nvl J i^-mpr.hvlnrn^1 ) aminnl — 1 
(PhenV^mftrllVl )Droov1 1 . 5-nvrimi ri y lmgfVn/l oc ^o>- 

To a solucion of 237mg (2.15mmol) of 5-pyrimidylcarbinol 
in 2 4mL of anhydrous aceconicrile , was added 602mg 
15 {2.3 5mmol) of N, N' -disuccinimidyl carbonate and then 
0.47mL of pyridine. After stirring for 4.5 hours, 
766mg(i.96mmol) of 2R-hydroxy-3 - [ ( 2 -methylprcpyl ) (4- 
hydroxyphenyl } suif cnyl ] amino -IS- ! phenyime thy i 5 propylamine 
was added. After stirring for 19 hours, the solvent was 
removed under reduced pressure, ethyl acetate added, 
washed with 5% citric acid, saturated sodium bicarbonate, 
brine, dried over anhydrous magnesium sulfate, filtered 
and concentrated to afford 1.0 g of crude material. 
Chromatography on silica gel using 50-100% ethyl 
acetate/hexane as eluent afforded 450 mg of the desired 
carbamic acid, [ 2R-hydroxy-3 - [ [ (4- 

hydrcxyphenyl) sulfonyl] ( 2-methylpropyi ) amino j -1S- 
(phenylmethyl ) propyl] -, 5 -pyrimidylmethyl ester, 
m/e=529 (M+H) . 
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5 E£gpara£laa Si r?henviinec.hvi r^-aminn-ig - r r 2R-hvr)r-nvy-~ - 
[ ( 3 -prftPY 1 i - £h °P.V Isul^nvn^nnl-ip- 

(PhenV^rnyl^ amino! -^rbonvi 1 -l-nxnnronul l carhA ma rp 

Phenyimechyi [2R-hydroxy-3 - [ (3- 
10 propyl) (phenylsuifonyi) amino] -IS- (phenyimechyi ) propyl] - 
carbamate (200 ng, 0.40 mmol) was deprocected by 
hydrogenation over 10% palladium on carbon and the 
resulting free amine was coupled with N-CBZ-L-asparagine 
(157 mg,0.42 mmol) in che presence of 
is M-hydroxybenzotriazole .'114 mg, 0.84. mmol) and EDC 

130 mg, 0.57 mmol) zo give phenyimechyi [3 -amino- is- [ [2R 
hydroxy- 3- t (3-propyl) (phenylsuifonyi) amino] -1S- 
(phenylmethyl ) amino Jcarbonyl] -3 -oxopropyi] carbamate as a 
solid. Anal. Calcd for C31H3 8N4O7S . 0 . 2H20 : C, 60.51; : 
20 H,6.30; N.9.12. Found: C, 60.27; H,6.16; N,8.93. 



' ) 
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Preparer,? rr, ?f Nl- i ?.R-hvdroxv-- - ■• n -^Pthviburvl \ 'nh^nyi - 
J, £ gnY 1 1 amiaa 1 ~H4 -met hv I - • £ - ■. Phsnv I rn^r h vl ) nronv il-o^- 

Part A: 

N2- [ (1, i-dimethylethoxy) carbonyl] -N-methyl-L- 
asparagine was prepared from Boc-L-aspartic acid alpha- 
benzyl esterd.O g, 3.09mmol), methylamine . HCl (209 mg, 
3.09mmol), EDC(711 mg, 3.7 mmol), 1-hydroxybenzotriazole 
(627 mg, 4.63 mmol), and N-methylmorpholine (0.7 mL, 6.3 
mmol), in DMF '20mL) . After stirring overnight at r.t., 
the reaction mixture was diluted with ethyl acetate, 
washed with water, sat. sodium bicarbonate, 5% citric 
acid, brine, dried over magnesium sulfate and 
concentrated to an oil. The oil was taken up in 20 mL 
dry ethanol, and hydrogenated in the presence of 10% w/w 
of 10% Pd on C at atmospheric pressure and room 
temperature overnight. The mixture was filtered through 
Celite and concentrated to a white solid foam, 670 mg. 

Pari; 3: 

A solution of phenylmethyl [ 2R-hydroxy-3 - [ ( 3 - 
methylbutyl) (phenylsulf onyi ) amino] -IS- (phenylmethyl) - 
propyl] carbamate (310 mg, 0.59 mmol) in methanol (lOmL) 
was hydrogenated ever 13% palladium on carbon for 3 h. , 
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filtered through diacomaceous earth and -oncencrated zz 
give the product as an cii ; 214 rr.g: . This tree =-mir = 
.208 mg, 1.52 roioi. was ocupied with U2- : 1.1- 
dimethylethoxy i -carbonyi } -N-methyi-L-asparagine 12" mg, 
2. 56 mmol) in the presence of --hydrcro/benzccriazcie 102 
nig, 0.76mmoi) and ZDC '130 mg, O.SVmmol) to yield 290 mg 
of Nl ( 2R-hydroxy-5 - [ < 3 -mechyibucyl i (pheny isuif onyi ) - 
amino] -N4 -methyl -is- ( pheny lmechyi i propyl ] -2S- ■ (1, 1- 
dime thy let hoxy- carbonyi ) amino] butane diamide . 

Part C- 

Nl[2R-hydroxy-3-[ (3-methylbutyl) ( phenyl - 
sulfonyi) amino] -N4 -methyl -is- pheny Imethyi } propyl ] -2S- 
[ (1, 1 -dime thy iethoxycarbonyi ) -amino] butane diamide (270 
mg, 0.43 mmol) was stirred in 4N KCi in dioxane < 5 mL) at 
r.t. for 0.5 h. Solvent and excess reagent were 
evaporated to dryness. The product was dried in vacuo. 
This material (125 mg, 0.225 mmol) was then reacted with 
2-quinoline carboxyiic acid N-hydroxysuccimide ester (61 
mg, 0.225 mmol), N-methylmorpholine (50 uL, 0.45 mmol) in 
methylene chloride '2 mL) for 2 h. The product Nl[2R- 
hydroxy-3- [ (3-methylbutyl) (phenylsulf onyl ) amino ] -N4- 
methyl-is- <; pheny lmechy 1 ) propyl ] -2S- [ (2- 

quinoiinyi carbonyi: -amino] butane diamide was purified by 

silica gel chromatography. Anal. Caicd for 

C3 6H43N 5 O 6 S.0.2H 2 O: C, 63.33; H.6.45; M, 10.24. Found: 

C 63.64; H,6.40; M, 10.34. 



-xampie 



roiicvir.g the procedures sec forth above, -he 
following compound \;as also prepared: 




Preparation of carbamin arid, n-fr ^ -hvrirnyv-^-n?. 
meChylbur.vi) (chsnvisufonvl 'aminol-1- 

( Phenyl OSL hvl i oropyl } amino l -2 -methyl - l-oynnrnpyl 1 - , < a - 
methoxvphenvDmerhvi ^t-^ r. r is- n r« [ s* | . 3 3 - 

Thus, 4.10g, (7.8 mmoi), of Carbamic acid, [2R-hydroxy-3 - 
[ (3-methylbutyl) (pheny lsulphonyl ) amino] - is - 
(phenylmethyl ) propyl] -, phenyimethyi ester , [R- ( R* , S * ) ] - 
was hydrogenaced in a solution of methanol and echanoi 
using catalytic ?d/C 10% at 30 psig hydrogen for 3 hours. 
The catalyst was filtered and the solvents removed in 
vacuo to yield 3.0 grams of free amine. 

In a separate flask, 2.09g, (7.3 mmol) , of N-Moz-AMBA was 
added to 10 mL of dimethylf ormamide and 1.58g, (1.5 
equiv. ) , of N-hydroxybenzoltriazole and the solution was 
cooled to 5 degrees C. To this solution was added 1.49g, 
(7.8 mmol), of EDC and the solution stirred for 30 min. 
To this was added the free amine in 10 mL of 
dimethylf ormamide, and the reaction was stirred for 20 
hours. The solvent was removed by evaporation and the 
crude material was partitioned between ethyl acetate and 
saturated aqueous sodium bicarbonate. The ethyl acetate 
layer was washed with 5% potassium hydrogen sulfate and 



) 




Preparation of farhamir rSR-hy drnw-T - f f d- 

rnethOXYPhenYisvifnnyi ; ■ 2 -Trier hvl.Dronvl ) ami qqJ =J 
<T?henYln»ertiyJ.) propyl - , « - g-r.prrahvdmfnran- 3 -y ] -pgrgr 

To a soluticn cf 406 mg (1.0 mmol) of f2R-hydroxy- 3- 
[ [ ( 4 -methoxyphenyl ) sulfonyl] ( 2 -methylpropyl ) amino] -IS- 
(phenylmechyl) propylamine in 5.0 mL of dichloromechane 
containing 150 mg'( l.Smmoi) of triethylamine was added 
280mg (1.22 rrunoi; cf N-succinimidyl-3 - (S) - 
-ecrahydrofuranyi carbonace and the reacton mixture was 
stirred for 2 hours, an addiconal 12 6 mg (0.2mmoi) cf 
amine was added to the mixture and the solution stirred 
another 2 hours. The concencs were diluted with 50 mL o 
ethyl acetate and washed with 5% aqueous citric acid, 
saturated sodium bicarbonate, and brine, then dried over 
magnesium sulfate, filtered and concentrated to yield 3 3 
mg of crude product. Purification by silica gel 
chromatography using an eluant of 1:1 to 2:1 ethvl 
acetate/hexanes gradient provided Carbamic acid, [2R- 
hydroxy-3-[ ( 4 -methoxyphenyl sulfonyl ) (2- 
methylpropyl) amino] -IS- (phenylmethyl ) propyl- , 3-s- 
tetrahydrofuran-3-yl-ester as a white solid, m/z = 521 
(M+H) calc. 521.2211 obs . 521.2311 



) 




Preparation of Carbamic acid. r2R-h vdroxv-3- r [ a- 

^YdrQ^VPhenvlsulfonvli '2-methvlDrQp yl)amino1 -Ifi- 
^^nvimechy;) Propyl - r Z -S-:etrahvdrofura n-3 -vl-ftsr pr . 

To a soluc-oh of 435 mg ; 1 . 0 rnmol; of [2R-hydroxy- 2 - 
[ [ (4-hydroxyphenyl) sulfonyl] ( 2-methylpropyl ) amino] -IS- 
(phenylmechyi) propylamine in 3.0 mL of 
dimethyl formamide was added 225mg (0.98 rnmol) of N- 
succinimidyi-3- (S ) -cetrahydrofurany 1 carbonate and the 
solution was stirred overnight. The mixture was diluted 
with 50 mL of ethyl acetate and washed with 5% aqueous 
citric acid, saturated sodium bicarbonate, and brine, 
dried ever magnesium sulfate, filtered and concentrated 
to yield 515 mg of crude product. Purificatcn by silica 
gel chromatography using and eiuant of 1:1 ethyl acetate 
:hexanes provided 215 mg of Carbamic acid, [ 2R-hydroxy-3 - 
t (4-hydroxyphenylsuifonyl) ( 2-methylpropyl) amino] -1S- 
(phenylmethyl) propyl- , 2-S-tetrahydrofuran-3-yi-ester , as 
a white solid. m.p=HRMS calc. 507.2165, obs . 507.2155 



Example 1 Sr 




Preparation o£ carbamic acid, r2R-hv d roxv-?- r (4- 

^gthQWYPhenvl SU 3 f onvi ) ; 2 -methvinrnnvl ) amino 
• Phenv liner hy 1 ) t?r qpy l - , : -S-tetrahvdmr.hi nnhen-l-vl - 

To a solution of 215 mg (2.0 mmol) of 3-S- 
hydroxythiophene, 415 (XL of anhydrous pyridine, and 2 mL 
of dry acetonitrile was added 512 mg (2.0 mmol) of N,N'- 
Dimethylsuccinimidyl carbonate and this suspension was 
stirred for 45 minutes. To this clear solution was added 
a solution of 700 mg (1.7 mmol) of [2R-hydroxy- 3-[[(4- 
methoxyyphenyi; sulf onyi] (2-methylpropyl) amino] -1S- 
vphenylmethyii propylamine in 2.0 mL of acetonitriie and 
stirred for 12 hours. the contents were concentrated, 
and the residue was partitioned between ethyl acetate and 
5% aqueous potassium hydrogen sulfate. The organic layer 
was washed with saturated sodium bicarbonate and then 
brine, dried over sodium sulfate, filtered and 
concentrated to yield 780 mg of crude material. 
Purificaton by silica gel chromatograpy using an eluant 
of 10:10:1 ethyl acetate: hexane : methanol provided 520 mg 
of Carbamic acid, [ 2R-hydroxy-3 - [ ( 4 - 
methoxypheny isul f ony 1 ) { 2 -methy lpropy 1 ) amino ] -1S- 
(phenyimethyl) propyl-, 3 -S- tetrahydrothiophen-3 -yl- 
ester, as a crystalline white solid. m.p.= 162-3°C, m/z= 
553 'M+H) 



) 



-xampifi : 




5 Preparation of Carbamic acid, r 7,R-hvriroyy-3 - f (A - 
me thoxvphenv i snlf onvl | ■ 2 -me r.hv 1 nr- ppy i ) am -i nn l - 1 s - 

•'Phenv3,mer.hYi )mrcpyi- ■ ~ -S) -1 . 1 -dinxor.srrahvri ror.hinnhpn- 
3-vj,-egr r °r , 

io to a solution of 270 mg ;0.5 mmol) of Carbamic acid, 
[2R- hydroxy- 3- [ ( 4 -mechoxyphenylsulf onyl) (2- 
methy lpropyi) amino] -IS- (phenylrnethyl) propyl- , 3-s- 
tetrahydrothiophen-3-yl-ester in 30 mL of 
dichlorome thane was added 400 mg ( 1.2 mmol) of ni- 
ls chloroperbenzoic acid i 50 wt%) and the mixture was 

stirred for 12 hours. The contents were diluted with 10 
mL of 10% aqueous sodium metabisulf ite and stirred for 30 
minutes. The organic layer was washed with saturated 
sodium bicarbonate, dried over sodium sulfate, filtered 
20 and concentrated to yield 290 mg of crude product. 

Purification by silica gel chromatography using an eluant 
of 10:10:1 ethyl acetate : hexane : methanol provided 260 mg 
of Carbamic acid, [ 2R-hydroxy-3 - [ (4- 
methoxyphenylsulfonyl) ( 2 -methy lpropyi) amino] -1S- 
25 (phenylrnethyl) propyl-, 3 (S) -1 . 1-dioxotetrahydrothiophen- 
3-yl-ester, as a white crystalline solid. m.p.= 59 0 c, 
m/z =5 69 { M+H ) 




5 Preparation Of rarbamic *rig. ;2R-hv d rnyv-Vf(4- 
tediaaa2hsaglaii fonvl) (2-mer.hvlnrortt/1 ) amino 1 -1 .g- 
LBflgazJjnanllZl ) t?rop Y | - • - S - r. srrahvdrothi nnh en-^-vl- 

ester , 

10 To a solution cf 125 rug 1.2 mmoi) of 3-S- 

hydroxythiophene , 250 \ih of anhydrous pyridine, and 1 mL 
of dry acetonitrile was added 3 07 mg (1.2 mmoi) of N,N'- 
Dimethylsuccinimidyl carbonace and this suspension was 
stirred for 45 minutes. To chis clear solution was added 

15 a solution of 445 mg (1.0 mmoi) [2R-hydroxy-3 - [ [ ( 4- 
hydroxyphenyl) sulfonyl] (2-methyipropyl) amino] -1S- 
iphenylmethyl) propylamine ini.O mL of acetonitrile and 
starred for 12 hours. -he concedes were concentrated, 
and rhe residue was partitioned between echyl acetate and 

20 5% aqueous potassium hydrogen sulfate. The organic layer 
was washed with saturated sodium bicarbonate and then 
brine, dried over sodium sulfate, filtered and 
concentrated to yield 460 mg of crude material. 
Purificaton by silica gel chromatograpy using an eluant 

25 of 10:10:1 ethyl acetate: hexane : methanol provided 235 mg 
of Carbamic acid, [ 2R-hydroxy-3 - [ (4- 
hydroxyphenylsulfonyl) .'2-mechylpropyi) amino] - 1S- 
(phenyimethyl) propyl- , 3 -S- tetrahydrochiophen-3 -yl-ester , 
as a crystalline white solid. m.p.= 184-85 ° C , m/z = 

30 529 -M+Li) 



=.xamc.LS 



10 



15 



20 



25 




5 ?rePar3t.ion Of Carhaimr *r-ir\ f2R-hvriroxv-?- f (A- 
hYdrOKYPh^nyl^i l fonvi) ^-m^rhvlnmnvD^mnl -i 
(Phgn Y 1 m et^ yl ) propyl-, li c 1 ^ 1 l-dioxorPfr^^rhinnhon- 

3-Vl-Pgror- | 



To a solution of 125 rr.g .0.24 mmoi) of Carbamic acid, 
[2R-hydroxy-3- [ { 4 -hydroxyphenylsulf onyl ) (2- 
mechy lpropy 1 ) amino] -is- iphenylmethyl ) propyl- , 3-s- 
tetrahydrothiophen-3-yl-ester in 3 0 mL of 
dichloromethane was added 240 mg ( 0.7 mmol) of m- 
chloroperbenzoic acid ( 50 wt%) and the mixture was 
stirred for 12 hours. The contents were diluted with 5 
mL of 10% aqueous sodium metabisulf ite and stirred for 30 
minutes. The organic layer was washed with saturated 
sodium bicarbonate, dried over sodium sulfate, filtered 
and concentrated to yield 110 mg of crude product. 
Purification by silica gel chromatography using an eluant 
of 1:1 to 2:1 ethyl acetate : hexane : methanol provided 100 
mg of Carbamic acid, [2R-hydroxy-3 - [ ( 4- 
hydroxyphenylsulfonyl) (2 -me thy lpropy 1 ) amino] -1S- 
(phenylmethyl) propyl-, 3 (S ) -1 , 1-dioxotetrahydrothiophen- 
3-yl-ester, as a white crustalline solid, m.p.= 190-1 °C, 
m/z= 561 (M+Li) 

Examn]^ iTa 

Carbamic ar^H, r 2R-bvHroxv- I - f r ( A - 
niethQXYphPnyl) SUJ fonvll 'inorhvl p r opyl ) ami no 1 - 1 c- 



?henvj.mechvi • propyl 1 - , 5- <r.hiazo ivi ; ra p-h Y - e grpr ~ 0 
prepared according to the fniin wino ^rnrsdur^ . 




To a solucicn of 17 2mg 'l.Smmoi) of 5- 

hydroxymethyithiazcie in I4mL of anhydrous acetonitriie 
at room temperatures under a nitrogen atmosphere, is 
added 384mg 'l.Smmoi) of N, N ' -disuccinimidyi carbonate 
10 and 3 64|lL (4.5mmol) of anhydrous pyridine. After about 4 
hourse, 406mg (Immoi) of 2R-hydroxy-3 - [ (2 -methylpropyl ) 
( 4-methoxyphenyl ) sulf onyl] amino-ls- 

(phenylmethyl) propylamine is added and stirring would be 
continued for approximately 19 hours. The solvent would 

15 be removed under reduced pressure, ethyl acetate added, 
washed with saturated sodium bicarbonate, brine, dried 
over magnesium sulfate, filtered and concentrated to 
afford crude product. The desired carbamic acid, [2R- 
hydroxy-3-[[ ( 4-methoxyphenyl ) sulf onyl ] (2- 

20 methylpropyl) amino] -IS- (phenylmethyl ) propyl ] - , 5- 

ithiazolyl) methyl ester could be isolated in pure form 
through chromatography on silica gel using 50-100% ethyl 
acetate/hexane as eluent. 

25 ExamnlP 17R 

Carbamic acid, r ?,R-hyn Voxv-3 - r r ra- 

hvdrQXVPhenvl )sulfonv1 1 fmet-.hvlnrn pvDaminnl-ip- 

(pheny l mftr,hvnrropvii-.s-(thi a7 own mP rh^i q sr . P r r*n kg 

Prepared according to r.hs follo w ing nrnrpnnrp 




To a solution of 482mg !4.3mmol) of 5- 
(hydroxymethyl) thiazoie in 48mL of anhydrous 
acetonitrile, is added 1 . 2g (4.7mmol) of N,N'- 
disuccinimidyi carbonate and then 0.34mL of pyridine. 
After stirring for about 4 to 5 hours, 1.53g (3.92mmoi) 
of 2R-hydroxy-5 - [ 2 -methylpropyl ) (4- 

hydroxypheny i } suif onyi ] amino-lS- ( phenylme thy 1 ) propylamine 
is added. After stirring for approximately 19 hours, the 
solvent would be removed under reduced pressure, theyl 
acetate added, washed with 5% citric acid, saturated 
sodium bicarbonate, brine, dried over anhydrous magnesium 
sulfate, filtered and concentrated to afford crude 
product. The desired carbamic acid, [ 2R-hydroxy-3 - [ [ (4- 
hydroxyphenyl) sulf onyi] : :2-methyipropyl> amino] -IS- 
iphenyimethyi; pro, 5- • chiazoiyi) methyl ester could be 
isolated in pure form through chromatography on silica 
gel using 50-100% ethyl acetate/hexane as eluent. 



Following zhe procedures cf Examples 1-15, :ne compounds 
shown in Tables 2 , 5 A and 5B were prepared and in Tables 
4 through 17 can be prepared. 



TABLE 3 



10 



R-NH 




NH 




R 4 



Entry No, 



Rl 



R3 



R4 



15 



20 



2 
3 
4 



3 
g 
10 
11 



Cbz t-3utyl 
N, N-Dimethylglycme t-3utyl 

i -Propyl 
sec -Butyl 
ch 2 c :o)nh 2 

c -Butyl 
- -Butvi 



Cbz 
Cbz 



M - Me t hy 1 g ly c me 
Cbz 

N, N- Dimethyl glycine t-3utyl 

N-Me thy 1 glycine t -Butyl 

N, N-Dimethyiglycine t-3utyi 

N-Me thy lgly cine t-Butvl 



i-Amyl 

i-Amyl 

i-Amyl 

i-Amyl 

n- Propyl 

i-Amyl 

i -Butyl 

i-Amyl 

i-Amyl 
i- Butyl 

i- Butyl 



Methyl 

Methyl 

Phenyl 

Phenyl 

Phenyl 

Phenyl 

Phenyl 

Phenyl 

Phenyl 
(4-OCH 3 ) Phenyl 

(4-OCH 3 ) Phenyl 



TABLE 4 




CCNH - 



Entry 


NO . R ; 


R3 


R4 


1 


Cbza 


CH3 


n-Butyl 


2 


Cbz 


i-Butyl 


CH3 


3 


Cbz 


i -Butyl 


n-Butyl 


4 


Qb 


i-Bucyl 


n-Butyl 


5 


Cbz 


i- Propyl 


n- Butyl 


— > 




i- Propyl 


n-Hutyi 


7 


Cbz 


C6H5 ^ 


n-3utyl 


8 


Cbz 


-CH2-0 


n- Butyl 


9 


Cbz 




n-Butyl 


10 


n 




n-Butyl 


11 


Cbz 


-o 


n-Butyl 


12 


Cbz 


i-Butyi 


n-Fropyl 



) 



/ 



TABLE i Cont ' d . ) 



10 



15 



25 



Ent ry 


No. R 


R3 


R4 


12 


Cbz 


i-3ucyi 


-CH?CK (CF^ ) - 


14 


Cbz 


(R) -CK(CH3 ) 


n- Butyl 


15 


Cbz 


CH2-0 


i- Propyl 


16 


Cbz 


-CH2-0 


-CH2CH 2 CH(CH3) 2 


17 


Cbz 


i- Butyl 


-CH2CH3 


18 


Cbz 


i-3utyi 


-CH(CH3) 2 


19 


Cbz 


i-3utyi 


-O 


20 


-Ml , 


-Butyl 




21 


Cbz 




- (CH2)2CH(CH3)2 


22 


Cbz 


(CH2)2CH(CH3>2 


-CH(CH3)2 


23 


Q 


i-Butyi 


-CH(CH3)2 


24 


Cbz 


i -Butyl 


-C (CH3) 3 


25 


Q 


i- Butyl 


-C(CH3)3 


-J o 


■^bz 


^^^^^■^i^^^i 


-C(CH 3 ) 3 


2 7 




— v^N^N 
-CH 2 -Tg)g) 


-C (CH3) 3 


-8 


Cbz 


- (CH2)2CH(CH3)2 


-C (CH3 ) 3 


29 


Q 


-(CH2)2CH(CH3)2 


-C (CH3 ) 3 


30 


Cbz 


-CH2C6H5 


-C(CH3)3 


31 


Q 


-CH2C6H5 


-C(CH 3 ) 3 


32 


Cbz 


- (CH2) 2 C6H5 


-C(CH 3 ) 3 


33 


Cbz 


-(CH 2 )2C6H 5 


-C(CH3) 3 


34 


Cbz 


n-Butyi 


-C (CH 3 ) 3 



1 



Ent ry No . 



123 

TABL)E 4. (Cont'd. ) 



R3 



R4 



10 



15 



35 


Cbz 


26 


Cbz 


37 




3 8 


Cbz 


39 


Q 


40 


Cbz 


41 




42 


Cbz ? 


43 


Cbz 


44 


Cbz 


45 


Q 


46 


Cbz 


47 


Q 


48 


Q 


49 


Q 


50 


Cbz 


51 






o 


52 



n- Penny 1 
n-Hexvl 

--H2-0 

-CH2C (CH3 ) 3 

-CH 2 C(CH 3 ) 3 
-CH2CH2-NO 



-CH2C5H5OCH3 1 para; 

-CH2— 

- -CK2)2C(CH 3 )3 

- ''CH2) 2C (CH3 ) 3 

- -:CH2) 40H 

- ■ CH2 ) 4OH 
-CH 2 -< 




-CH 2 -U )N 
-CH2CH(CH3)2 

-CH2CH(CH 3 )2 
-CH2CH(CH3 ) 2 



-C { CH3 3 
-C(CH3 ! 3 
-C (CH3 i 3 
-C (CH3 ) 3 

-C(CH3)3 
-C(CH3)3 

-C (CH3 ) 3 

-c(ch 3 ; 3 

-C(CH3) 3 

-C(CH3)3 

-C (CH3 ) 3 

-C (CH3 ) 3 

-C (CH3 ) 3 
-C (CH3 ! 3 

-C (CK3 ) 3 
-C6H5 

-C6H5 
-C 6 H 5 



PABLE 4 (Cont 'd.) 



Entry No, R r3 r 4 



86 



"5 



91 



-?h 



"5 Q -CH2CK=CH2 -?h 

77 Q -Ph 

"3 Q *~0" _Ph 

7 9 2 -CH2CH2Ph -Ph 

30 Q -CH2CH2CH2CH2CH -?h 

51 3 -CH2CH2N(CH3 ) 2 -Ph 

32 2 -CH2CH2-N -Ph 

83 Q -CH3 -Ph 

34 Q -CH2CH2CH2SCH3 -ph 

85 Q -CH2CH2CH2S (O) 2CH3 -Ph 

Q -CH2CH2CH2CH(CH3 ) 2 

Q -CH2CH2CH(CH3>2 CH2_ ^^ 

3 2 -:K2CH2CK(CH3. 2 -CH2CH2CH3 

9 Q -CH2CH2CH2CH-CH3 ) 2 -CH3 

90 Q -CH2CH2CH(CH3 ) 2 ~^Q^~ F 

Q -CH2CH2CH(CH3)2 *JQXQ) 

Q -CH2CH2CH(CK3 } 2 ~^^-N02 

53 Q -CH2CH2CH(CH3 ) 2 



TAB^E 4 (Cont'd. ) 



Entry No . R r3 r 4 

54 2 -CH 2 CH 2 CH(CH3)2 "^j^-OCR: 

N 

55 3 -CH 2 CH2CK(CH3) 2 — (g^ 

-CH2CH2CH(CH3 ) 2 



96 o 



97 



10 98 3 -CH 2 CH2CK(CH3 ) 2 

99 c 



100 Q 

101 Q -CH2CH 2 CH(CH3 ) 2 



102 -Q 
15 103 Q -CH2CH(CK3)2 

104 Q -CH2CH(CK3i2 



105 



10 6 Q -CH2CH2CH3 

107 Q -CH2CH2CH2CH3 



20 a benzyioxycarbonyl 

b 2-quinolinylcarbonyl 



NO, 

NOj 

,CF, 



-CH 2 CH2CH ( CH3 ) 2 



-NHAc 



CH 2 CH 2 CH{CH3)2 -(j3}- cl 
CH 2 CH 2 CH(CH3)2 -^^~ CH 3 



CO,CH 



2^3. 



CH2CH2CH(CH3) 2 



-NHAc 



2CH(CK3 2 ^^" CH 3 

-^^-OCH 3 



TABLE 5 




Entry 



R3 



R4 



1 
J- 


Cbz - Vai 


i-amyl 


-C6H5 


2 


Cbz-Leu 


i-amyl 


-C 6 H 5 


3 


Cbz-lle 


i-amyi 


-C6H5 


4 


Ac-D-homo-Php 


i-Bu 


methyl 


5 


Qui-Orntg-Cbz) 




-C 6 H 5 


6 


Cbz-Asn 


-CH2CH=CH2 


-C 6 H 5 


7 


Acetyl -c-EuGly 


i-amyl 


-C 6 H 5 


3 


Acetyl-?he 


i-amyl 


-C 6 H 5 


q 


Acetyl -He 


i-amyi 


-C6H5 


10 


Acetyl -Leu 


i-amyi 


--6H5 


11 


Acetyl-His 


1-amyl 


-C 6 H 5 


12 


Acetyl -Thr 


i-amyl 


-C6H5 


13 


Acetyl -NHCH ( C { CH 3 ) 2 ( SCH 3 ) ) C ( O ) - 


i-amyl 


-C 6 H 5 


14 


Cbz-Asn 


i-amyl 


-C 6 H 5 


15 


Cbz -Ala 


i-amyl 


-C 6 H 5 


16 


(N, N-dimethylglycinyl) Val 


i-amyl 


"C 6 H 5 


17 


(N-methyiglycinyl) Val 


i-amyl 


-<= 6 H 5 


18 


(N r N-dimethylglycinyl ) lie 


i-amyl 




19 


(N-methylglycinyl) lie 


i-amyi 


-C 6 H 5 



TAPLE § (Cont'd! 



Entry 


A 






20 




i^-amyl 




21 


V^i T __ r-» o ^ T — . — * — , ?\ "1 — 

LDz-Deca-cyanCftis 


i-amyl 


-C 6 H5 


22 


f""* V\ »y _ f Eli 1 t r 

u z l. — 2 uivj xy 


i.-amyl 


-C6H5 


^ j> 


y-c -BuGly 


i-amyl 


-C 6 H 5 






i.-amyl 


"C 6 H 5 


2 S 


LDZ - iDLr!3Cy S 


i-amyl 


-C6H5 


26 


Q-Asp 


i-amyl 




Z. / 


Cbz- ■ NKCH ( C :CH3 ; 2 ' SCH3 ) } C -0) - 


i.-amyl 


-C6H5 


28 


Cbz-EtGiy 


i-amyl 


-c 6 h 5 


29 


Cbz-PrGly 


i-amyl 


-C6H5 


30 


Cbz-Thr 


i-amyl 


-c 6 h 5 


31 


Q-Phe 


i-amyl 


-C6H5 


32 


Cbz-Phe 

O 


1,-amyl 


-C6H5 



II 

CH2=CHCH2-0-C- i-Butyl ~C 6 H 4 



OCH- 



Entry 




O 



R 7 ^ NH^^fjl'^R 4 
OH R 3 

MASS MEASUREMENT 

d3 , , MOLFORM CALC FOUND 

R R R M+H 



ch x^q h ^~~^_^~ OCH 3 C27H38N205S 503.2661 503.2624 




CasKwNaOsS 517.2736 517.2777 



o 

OCT 



C29H42N2O5S 531 .2893 531 .2916 



C32H40N2O5S 565.2736 565.2731 



C30H35N3O5S 550.2376 550.2427 
H 



) 



TABLE 5A ( Cone ■ A ) 



Entry 




R 7 ^NH^V"N b R 4 
OH R 3 



R J R' 
CH 3 /= 



QH 3 MOLFORM CALC 



CH 2 ^Ch7W > ~ OCH3 H3C-^>— C3oH38N 2 05S 539(M + H) 



MASS MEASUREMENT 

FOUND 

539 



CH 3 

f\ C29H36N20 5 S 



CH 



C3oH38N20 5 S 539.2580 539.2591 
(M+H) 



. ) 



TABLE 5A (Cont'fl) 



Entry 




X L^ Q s"° 

R7 ^^NH^y^^N "R 4 
OH R 3 

MASS MEASUREMENT 
R 4 R 7 MOL FORM CALC FOUND 



i 2 ^n 3 

10 



(M+H) 

^ CH 3 N-\ 

CH?^XH-, — \ ^-OCH 3 C27H33N3O5S 512.2219 512.2271 

CH 3 

{5- 



11 



12 



13 



14 



C2 8 H35N 3 05S 526.2376 526.2388 



N '_/ C27H33N3O5S 512.2219 512.2287 

N — CI 

^3 C28H33N2O5CIS 545.1 877 545.1 887 

CH2CH3 

C30H38N2O5S 539.2580 539.2592 

CH 2 (CH 3 ) 2 

C3iH4oN205S 553.2736 553.2714 



C30H38N2O5S 539.2580 539.2632 



CH 3 

CH 3 
H3Q CH 3 

16 <f>— c 30H38N 2 O 5 S539(M+H) 539 



/ 



TABLE 5A ( Cont ' A ) 



Entry 




R7 NH^j^ N R 4 
OH R 3 

MASS MEASUREMENT 

R 3 R 4 R? MOLFORM CALC FOUND 
CH SO2CH3 

17 CH 2 ^CH 3 "\_/ ° Ch3 <^ CaHaeNaOrSa 589.2042 589.2086 

H 3 CS0 2 (M+H > 



18 



19 HXRn.^/^ 



20 



CzgHaeNaOySa 595.2124 595.2103 
(M+Li) 

H 3 CS0 2 — ^ J CzgHaeNaOrSz 595.2124 595.2191 

(M+Li) 

CH 2 S0 2 CH 3 




C30H38N2O7S2 609.2281 609.2313 
(M+Li) 
H 3 CS0 2 CH 2 

21 V— C30H38N2O7S2 603.2199 603.2247 

\=/ (M+H) 

22 H 3 CS0 2 CH 2 — J C30H38N2O7S2 603.2199 603.2266 

X = / (M+H) 



TABLB 5 A fConc'rtl 



Bntry 




EXACT MASS MEASUREMENT 

o 3 R 4 R 7 MOL FORM CALC FOUND 

(M+H) 



23 c *^c":o o- 



24 K7~ C 27 H 32N 2 0 4 S 481.2161 481.2213 



CH2 CH3 

25 CH jC^ H — < 0^ 0CH 3 < ( = )~ C 28 H 3SN 2 0 5 S 511.2267 511.2319 



1? Ono 

CH W CH3 

26 CH ^CH ~ H 0 > ~ 0CH3< W^~ C29H36N2 ° sS 525 2423 525.2469 

2 3 °)K 

27 \/ CajhijsNaOsS 525.2428 525.2464 

H 3 C— C29H-36N205S 525.2423 525.2432 

3 



29 v'j C29H36N 2 0 6 S 541 .2372 541 .2332 

"O 

to- 



H3CO 

30 f N >— C29H36N 2 0 6 S 541.2372 541.2355 



31 w_r.n_^/^ 




H3CO— <( N ) C^H^N^S 541 .2372 541 .2329 



TABL£! 5B 




) 



J 



TAPLE 55 (eontd. ) 




i) 



) 




Entry r1 





CH2SO2CH3 


-> 


(R) -CH(OH)CH3 


3 


CH(CH3)2 


4 


( R , S ) CH2 SOCH3 


5 


CH2SO2NH2 


6 


CH2SCH3 




CH2CH(CH3)2 


3 


CH2CH2C (0)NH2 


o 


(S) -CH(OH)CH3 


10 


-CH-C SC-H 



, J 




Entry r2 



10 



15 



20 



25 



30 



1 


n-Bu 


Cbz-Asn 


2 


cyclohexylmechyi 


Cbz-Asn 


_> 


n-Eu 


Boc 


4 


n-Bu 


Cbz 


5 


C6H5CH2 


Boc 


6 


P-F-C6H5CH2 


Cbz 


7 


C6H5CH2 


benzoyl 


8 


cyclohexylmechyi 


Cbz 


a 


n-Bu 


Q-Asn 


10 


cyclohexylmechyi 


Q-Asn 


11 


C6H5CH2 


Cbz-Ile 




C6H5CH2 


Q-Ile 


13 


P-F-C6H5CH2 


Cbz-t-BuGiy 


14 


C6H5CH2 


Q-t-BuGly 


15 


C6H5CH2 


Cbz-Val 


16 


C6H5CH2 


Q-Val 


17 


2-naphthylmechyl 


Cbz-Asn 


18 


2 -naphthy lmethy 1 


Q-Asn 


19 


2-naphthylmechyl 


Cbz 


20 


n-Bu 


Cbz-Val 


21 


n-Bu 


Q-Val 


22 


n-Bu 


Q-Ile 


23 


n-Bu 


Cbz-t-BuGly 



' ) 

145 

TABLE 7 (Cont'd) 



En t ry 



24 n-Bu Q---BuGly 

25 p-F(C 6 H4)CH2 Q-Asn 

26 p-F(C6H4)CH 2 Cbz 

27 p-F(C6H 4 )CH 2 Cbz-Asn 

28 C6H5CH2 Cbz-propargylglycine 

29 C5H5CH2 3-propargylglycine 

30 C5H5CH2 

ace cylpropargyigiy cine 



) 



TABLE 8 




OH 



0. .0 



Entry 



R3 



R4 



1 

2 



-CH2CH(CH3) 2 
-CH2CH2CH(CH3 ) 2 

-CH2CH2CK(CH3 ) 2 
-CH2CK2CK(CH3 ! 2 

-CH2CH2CH(CH3 ; 2 



-C (CH3) 2 

-< 




Table — 2 (cont'd) 



Entry r r i 



10 



11 



1 7 



14 



O 

II 

H02CCH2CH r C- --H3 



-CH3 




CH 3 NH-C- 



O 

II " CH 3 



(CH 3 ) 2 CH-C- 
O 

II 

CH3OCH2- c - 



o 

II ~ CH 3 



(CH 3 ) 2 NCH2- C - 
O 

II 

CH 3 CH(OH)- C - 



-CH 3 



O 

II ~ CH 3 



-CH3 



J 

/ 



I 

i . ' 




TABLE 10 
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TftBLE 12 



o 



r-nh. iL -L ^ :V'°^ 



Entry Acyl Group (R) 



1 benzyloxycarbonyl 

1 0 - :ert-hutC!wrarhnny1 

3 acetr/i 

4 Z -quinoyicarbonyi 
phenoxyacecyl 
benzoyl 

15 7 methyioxaioyl 

3 pivaloyi 

9 nrif luoracetyi 

10 - bromoacecyl 
-1 hydroxyacetyl 

2 0 12 morpholinylacecyi 

— N , N-dimechy laminoacecy 1 

14 N-benzy laminoacecy 1 

- 5 N-pheny 1 ami no a c ecy 1 

15 N-benzy 1-N-methylaminoacetyi 

25 17 N-methyl-N- (2 -hydroxy ethyl) aminoacetyl 

18 N-methylcarbamoyi 

- 3 2 -methylbutyryl 

20 N- i sobuty lcarbamoy 1 

21 succinoyl ( 3 -carboxypropiony 1 ) 

3 0 22 carbamoyl 

-3 :t- »: 2 -indanyl) aminoacetyl 



TABLE 13 




Entry r3 r 4 



1 0 



1 5 



20 



1 




-n-Butyl 


2 


-i-5ucyl 


-CH3 


3 


-i -Butyl 


-n-Butyl 


4 


-i- Propyl 


-n-Butyl 


5 


-C6H5 


-n-Butyl 


6 




-n-Butyl 


7 




-n-Butyl 


o 




-n-Butyl 








10 


-i -Butyl 


-CK2CH(CH3)2 


11 


-<R)-CH(CH3) — £^ 


-n-Butyl 


12 


-CK 2 --(3 


-l -Propyl 


13 




-CH2CH2CH(CH3) 2 


14 


i- Butyl 


-CH2CH3 


15 


i-3utyl 


-CH(CH3)2 


16 


i-Bucyl 


o 



} 



TABLE 13 (Cont'd) 



Entry r3 r 4 



17 " CH 2"-^3 -<CH2>2CH(CI 

1 3 < CH2 ) 2CH ( CHj 2 -CH ( CH3 : 2 

19 i -Bucyl -6H ( CH3 ) 2 

20 i-Butyi -C(CK3>3 
10 21 -CH 2 ~ @@ -C(CH 3 ) 3 

22 -«CH2)2CH(CK3)2 -C(CH3)3 

23 -CH2C6H5 -C(CH3)3 

24 -'CH2)2C6K5 -C(CH3)3 

25 n- Bucyl -C(CH3)3 
15 2 5 n-Pencyl -C (0*3)3 

27 n-Hexyi -C(CH3)3 

23 -CH 2 — -C(CH 3 ) 3 

29 -CH2C(CH3i] -C(CH3>3 

3 0 -CH2CH2-N / \d -C(CH3)3 

2 0 31 -CH2C6H5OCH3 (para) -C(CH3) 3 

2 2 -CH 2 -C ( CK 3 i 3 

2 2 -=H2 — {O/l -C ( CH3 ) 3 

34 - •CH2)2C (CH3)3 -C(CH3) 3 

35 -(CH2)40H -C(CH3)3 
25 36 -CH 2 -^^-? -C(CH 3 )3 



TABfrE 2,3 iCont'd) 



1 5 



20 



Entry r3 r 4 




N -C ! CH3 

5 3 -CK2CH(CH3)2 -C6H5 



■ 3 i-amvi 




-CH2C (CH3 ) 



40 > f -CH2C(CH3)3 

CH 3 — / ) 

10 41 \ f -CH2C(CH3)3 

-CH2C(CH3)3 
-Ph 

-?h 



25 



41 




42 


i- butyl 


4 J 


-CH?Ph 


44 


CH2-<g>-P 


45 




46 


CH 2 -^^-OCH 3 


47 




48 


-CH2— ^ 


49 


-CH2CH=CH2 


50 




51 


O 


5 "2. 


-CH2CH2?h 


53 


-CH2CH2CH2CH2OH 


54 


-CH2CH2N(CH3) 2 


55 


-CH2CK2 - N \d 
\ t 


56 


-CH3 



-Ph 
-Ph 

-Ph 

-Ph 
-Ph 

-Ph 

-Ph 

-Ph 
-Ph 
-Ph 

-Ph 

-Ph 



TABLE 13 iConc'd) 



Entry r3 r4 

=7 ~* -CH2CH2CH2SCH3 -?h 

58 -CH2CH2CK2S (0) 2CH3 -Ph 

59 -CH2CH2CH(CH3 } 2 

60 -CH 2 CH 2 CH(CH3)2 CH 2"^^ 

61 -CH 2 CH2CH(CH3)2 -CH2CH2CH3 

62 -CH2CH2CH(CH3) 2 -CH3 

63 -CH2CH2CH(CH3) 2 ~^0)~ F 

64 -CH 2 CH2CH(CH3) 2 ^J^Q) 

6 5 -CH2CH2CH(CH3) 2 -^^"N02 

66 -GH2CH2CK(CH3) 2 — ^ 

67 -CH 2 CH 2 CH(CH3)2 -^^-OCH 3 

NO s 

68 -CH2CH2CH(CH3) 2 — 

69 -CH2CH2CH(CH3»2 — (q\ 

70 -CH2CH2CH(CH3) 2 -\07 

71 -CH2CH 2 CH(CH 3 )2 -^^-MHAc 

72 -CH 2 CH2CH(CK3) 2 <75V-Cl 



1 5 



20 



TABLE 'Cont'd! 



Entry r3 r 4 



73 -CH2CH2CH(CH3) 2 ~^^" CH 3 

C0 2 CH 3v 

74 -CH2CH 2 CH(CH3) 2 — 

75 -CH2CH(CH3)2 

76 -CH2CH(CH3)2 ^^~ F 



1 0 77 -CK?CH(CH7) -J 



a benzyloxy car berry 1 

b 2 -quinolinylcarbonyl 



NHAC 



73 -CK2CH (CH3 : 2 -^^~ CH 3 

79 -CH2CH 2 CK 3 ^^OCH 3 

30 -CK2CH2CH2CH3 -^^-OCH 3 



Table 14 




Entry r! r3 



C(CH3)2 CH2CH2CH(CH3)2 



10 2 CH-C = CH 



H2CH2CH(CH3)2 



3 C(CH3)2'.SCH3) CH2CH2CH(CH3)2 

4 C(CH3)2(StO]CH3) CH2CH2CH (CH3 ) 2 

5 C{CH3)2(S[0]2CH3) CH2CH2CH ( CH3 ) 2 

6 C(CK3)3 CH2CH(CH3)2 




15 7 c (CH3 ! 2 

3 CH(CH3 ) 2 CH2CH(CH3!2 

5 CH ( CH 2 CH2 1 CH^ ) CHoCH ( CHrt ; <j 



) 



Table 14A 



5 




c ( ch 3 ISCH3 ^Ci^CUiCR^ 
Table 15 




o jO 

X xv 



R nO N N 



A Group B Group 



cr 



N 

R" 



n=0 , I , or 2 



R*=OH, methoxy, benzyloxy, 

-C(NH 2 )=NOH, -C(NH 2 )=NH 



R"=H or lower alkyl 



O 

o 



NR"0^ 

cr cc 0 c$ 
a cr a 

o o-^ 

cr o xr o^cr 
cr 

ocr 



o 



TAP^g 17B-2 




The compounds cf the present inven:::n are 
effective HIV protease inhibitors . Utilizing an enzvme 
assay as described below, the compounds sec forth in the 
examples herein disclosed inhibited the HIV enzyme. The 
preferred compounds of the present invention and their 
calculated IC50 -inhibiting concentration 50%, i.e., the 
concentration at which tne inhibitor compound reduces 
enzyme activity by 50%) values are shown in Tables 13 
through 21. The enzyme method is described below. The 
substrate is 2 -Ile-Nle-Phe (p-N02 ) -Gln-ArgNH2 • The 
positive control is MVT-101 (Miller, M. et ai, Science . 
1149 :i989)] The assay conditions are as follows: 

Assay buffer:, 2 0 mM sodium phosphate, pH 6.4 
• 20% glycerol 
1 mM EDTA 
1 mM DTT 
0.1% CHAPS 

The above described substrate is dissolved in 
DMSO, then diluted 10 fold in assay buffer. Final 
substrate concentration in the assay is 80 |±M. 

HIV protease is diluted in the assay buffer to 
a final enzyme concentration of 12.3 nanomolar, based on 
a molecular weight cf 10,780. 

The final concentration of DMSO is 14% and the 
final concentration of glycerol is 13%. The test 
compound is dissolved in DMSO and diluted in DMSO to lOx 
the test concentration; lOjil cf the enzyme preparation is 
added, the materials mixed and then the mixture is 
incubated at ambient temperature for 15 minutes. The 
enzyme reaction is initiated by the addition of 40|il cf 
substrate. The increase in fluorescence is monitored at 
4 time points (0, 3, 16 and 24 minutes) at ambient 
temperature. Each assay is carried out in duplicate 



) 



■.;e. 



The preceding examples can be repealed -,; 
similar success by subscizurir. g -he genencaiiy or 
specifically described reaccancs and/or operating 
conditions cf -.his invencicn for chose used in the 
preceding examples. 
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TABLE 1&A (Cont'd) 



Entry Compound IC50 ( nanomolar ) 



10 




27 



19 



10 



3 . 6 



TABLE 18A (PnnhM) 



Entry 



Compound 



IC50 (nanomolar) 



12 




20 



TABLE lQR 





Ex . 


Table 


Entry 


IC 5Q (uM) 


or % inhib 


15 


6 


la 


— 


0. Oil 






6 


la 




0.010 




20 


6 


la 


3 


38% @ 1 uM, 


79% @ 10 uM 




5 


la 


4 


0.016 






5 


la 




0. 10 




25 


6 


ia 


5 


56% & 10 


uM 




6 


la 


— * 


0.0096 




30 


5 


la 


39 


0.016 






6 


la 


40 


0.21 






6 


la 


41 


24% @ luM, 


74% @ 10 uM 


35 


5 


la 


50 


42% @ luM, 


39% @ 10 uM 




r 
O 


la 


51 


31% @ luM, 


"5% @ 10 uM 


40 


6 


la 


52 


39% @ 1 uM, 


31% @ 10 uM 




6 


la 


53 


0.049 






6 


la 


34 


0.0028 




45 


5 


la 


55 


0.10 





.ABLE 12B 



Ex . 



Table 



Entry 



IC_ 0 (uM) or % inhib 



10 



1 c; 



20 



25 



30 



45 



-LO 

15 
16 
16 
15 
15 
15 
16 
16 
16 
15 
16 
1 5 

- f 

- O 

-t ^- 
-. o 

16 
16 
16 
16 



0 

5 

5 
5 



11 



14 
14 



10 



14 
22 
23 
34 



10 
3 

10 



0036 



0.081 

38% 9 0.1 uM. 90% i 1.3 ;J M 
0.0024 
0.0018 
0.003 
0.0025 



0. 0016 



0.0015 
0.0014 
0. 0022 
0.0018 
0.0044 
0. 0020 
0.0028 
0.0015 
0.13 

41% @ 0.1 uM, 36% ii 1 uM 
0.0033 
0.0049 
0.0032 



TABLE 2 0 



Table Entry IC 5Q (uM) or % inhibtion 



1A 






5A 




0.34 


5 A 




0.32 


5A 


4 


0.31 


5A 


5 


0.026 


5A' 


5 


0.023 


5A 


- 


0.007 


5A 


.- 


3.067 


5A 




*\ 1 /-» 
- . w — w 


5A 




0. 006 


5A 




0.0098 


5A 


14 


0.C49 


5A 


15 


0.008 


5A 


17 


59% S 10 (IM 


5A 


13 


0. 13 


5A 


19 


0 . 092 


5A 


20 


35% s 1|XM 


5A 


22 


53% s IflM 


5A 


24 


3.047 


5A 


2 5 


j . J 2 4 


5A 


26 


0. 305 


5A 


23 


0. 315 


5A 


29 


0.19 


5A 


30 


0.03 


5A 


31 


0.02 



Example ~ q 

The effectiveness of the compounds listed in 
Table 15 were determined in the above-described enzyme 
assay and in a CEM ceil assay. 



) 



The HIV inhibition assay -ethcd :: acute!-/ 
-nzected cells is an automated :ecraz:iium cased 
roiorimetric assay essentially -hat reported by Pauwies 

al, J. Virol ■ Methods. ^0, 209-521 1988). Assays 
were performed in 9 5 -well tissue culture plates. 3EM 
-ells, a CT4 + ceil line, were grown in RPMI-1540 medium 
Gibco) supplemented with a 10% fetal calf serum and were 
-hen treated with coiybrene ;.2ng/mi) . An SO |il volume of 
medium containing 1 x 104 ceils was dispensed into each 
well of the tissue culture plate. To each well was added 
a 100J11 volume of test compound dissolved in tissue 
culture medium (or medium without test compound as a 
control) to achieve the desired final concentration and 
the cells were incubated at 37°c for 1 hour. A frozen 
culture of HIV-1 was diluted m culture medium to a 
concentration- 5 of 5 x 104 TCID50 per ml {TCID50 = the dose 
of virus that infects 50% of ceils in tissue culture), 
and a 20(XL volume of the virus sample (containing 1000 
TCID50 of virus) was added to wells containing test 
compound and to wells containing only medium (infected 
control cells) . Several wells received culture medium 
without virus (uninfected control cells) . Likewise, the 
intrinsic toxicity of the test compound was determined by 
adding medium without virus to several wells containing 
test compound. In summary, the tissue culture elates 
contained the following experiments: 



Cells Drug Virus 



35 

In experiments 2 and 4 the final concentrations 
of test compounds were 1, 10, 100 and 500 |ig/ml. Either 
azidothymidine <AZT) or dideoxymosine (ddl) was. included 
as a positive drug control. Test compounds were 



dissolved in ZMSC and diluted ir.tc - 
so chac ~he final ZMSC concentration 
in any case. DMSC was added ail 
appropriate concentration . 

Following the additicn cf virus, ceils were 
incubated at 37°C :r* a humidified, 5% C02 atmosphere for 
7 days. Test compounds could be added on days 0, 2 and 5 
if desired. On day 7 , post- infection , the ceils in each 

10 well were resuspended and a lOOjil sample of each ceil 

suspension was removed for assay. A 20(XL volume of a 5 
mg/ml solution of 3 - ( 4 , 5-dimethylthiazol-2-yl ) -2 , 5- 
diphenyitetrazolium bromide (MTT) was added to each 100|1L 
cell suspension, and the ceils were incubated for 4 hours 

15 at 27°C in a 5% CO 2 environment. During this incubation, 
MTT is rr.etabaiicaily reduced by living cells resulting in 
the production in the ceil of a colored formazan product. 
To each sample was added iOO^li of 10% sodium 
dodecylsuifate in 0.01 N HCl to lyse the cells, and 

20 samples were incubated overnight. The absorbance at 590 
nm was determined for each sample using a Molecular 
Devices microplate reader. Absorbance values for each 
set of wells is compared to assess viral control 
infection, uninfected control ceil response as well as 

25 test compound by cytotoxicity and antiviral efficacy. 



issue culture rr.edium 
did net exceed 1.5% 
centre! wells at an 



TABLE 21 




TAB LP 21 'Cont • *) 




Entry Compound 



IC 50 
( nM ) 



EC 50 
( nM ) 



TD5 0 
(nM) 




Entry Compound 



IC50 EC50 
( nM ) ( nM ) 



TD 5 0 
(nM) 




10 



=> 98 17,000 




13 68 



57 188 



TABLE 11 : Cone ■ A ) 




TD5 o 
( nM ) 



Entry Compound 



IC50 EC50 TD50 
(nM) (nM) (nM) 




20 



25 



30 



TABLE 2 3, ?Cont'd) 




Entry Compound ICso EC5Q td 5 0 
■ (nM) (nM) (nM) 



55 

The compounds of the present invention are 
10 effective antiviral compounds and, in particular, are 
effective retroviral inhibitors as shown above. Thus, 
the subject compounds are effective HIV protease 
inhibitors. it is concemplated chat the subject 
compounds will also inhibit other retroviruses such as 
15 other ientiviruses in particular other strains of HIV, 
e.g. HIV-2, human T-cell leukemia virus, respiratory 
syncitial virus, simia immunodeficiency virus, feline 
leukemia virus, feline immuno- deficiency virus, 
hepadnavirus , cytomegalovirus and picornavirus . Thus, 
the subject compounds are effective in the treatment 
and/or propiylaxis of retroviral infections. 

The subject compounds are also effective in 
preventing the growth of retroviruses in a solution. 
Both human and animal cell cultures, such as T-lymphocyte 
cultures, are utilized for a variety of well known 
purposes, such as research and diagnostic procedures 
including calibrators and controls. Prior to and during 
the growth and storage of a ceil culture, the subject 
compounds may be added to the ceil culture medium at an 
effective concentration to prevent the unexpected or 
undesired replication of a retrovirus that may 
inadvertently or unknowingly be present in the cell 
culture. The virus may be present originally in the cell 



j 



10 



culture, for example HZV _s known be present m —man 
T-iymphocytes long before is deteccaoie m blood, :r 
through exposure :o the virus. This use of the subject 
compounds prevents zhe unknowing or inadvertent exccsure 
of a potentially lethal retrovirus zz a researcher :r 
clinician. 

Compounds of the present invention can possess 
one or more asymmetric carbon atoms and are thus capable 
of existing in the form of optical isomers as well as in 
the form of racemic or nonracemic mixtures thereof. The 
optical isomers can be obtained by resolution of the 
racemic mixtures according to conventional processes, for 
example by formation cf iiastereoisomeric salts by 
15 treatment with an optically active acid or base. 
Examples of appropriate acids are tartaric, 
diacetyltartaric , dibenzoyitartaric , ditoluoyltartaric 
and camphorsulfonic acid and then separation of the 
mixture of diastereoisomers by crystallization followed 
by liberation of the optically active bases from these 
salts. A different process for separation of optical 
isomers involves -the use of a chiral chromatography 
column optimally chosen to maximize the separation of the 
enantiomers. Still another available method involves 
25 synthesis of covaient diastereoisomeric molecules by 

reacting compounds of Formula I with an optically pure 
acid in an activated form or an optically pure 
isocyanate. The synthesized diastereoisomers can be 
separated by conventional means such as chromatography, 
20 distillation, crystallization or sublimation, and then 

hydrolyzed to deliver the enantiomerically pure compound. 
The optically active compounds of Formula I can likewise 
be obtained by utilizing optically active starting 
materials. These isomers may be in the form cf a free 
35 acid, a free base, an ester or a salt. 

The compounds of the present invention can be 
used m the form cf salts derived from inorganic cr 



20 



10 



zz the following: -cecace, adipate, alginate . cicrace. 
aspartate, benzoace. benzenesuif onace , bisulface, 
cur/race, camphorace, oamphcrsulf onace , aigiuccnace, 
cyciopencanepropionace, dodecyisulf ace , echanesuif onace . 
giucohepcanoace, glycerophosphate, hemisulf ace , 
heptanoate, hexanoate, fumarace, hydrochloride, 
hydrobromide, hydroiodide, 2 -hydroxy-echanesuif onace , 
iaccace, maleace, methanesuif onace, nicocinace, 
2-naphchalenesulfonace, oxalate, palmoate, peccinace, 
persulfaCe, 3-phenylpropionace, picrace, pivalace, 
propionaee, succinate, tartrate, thiocyanate, cosylace, 
mesylate and undecanoate. Also, the basic nitrogen- 
containing groups can be quacernized with such agents as 
15 lower aikyi haiides, such as methyl, ethyl, propyl, and 
butyl chloride, bromides, and iodides; dialkyl sulfates 
like dimethyl, diethyl, dibutyl, and diamyl sulfates, 
long chain haiides such as decyl, lauryl, myriscyl and 
scearyl chlorides, bromides and iodides, aralkyl haiides 
like benzyl and phenechyl bromides, and ochers . Water or 
oil-soluble or dispersible products are thereby obtained. 



20 



Examples of acids which may be employed Co form 
pharmaceucically accepcable acid addicion sales include 
2 5 such inorganic acids as hydrochloric acid, sulphuric acid 
and phosphoric acid and such organic acids as oxalic 
acid, maleic acid, succinic acid and cicric acid. Other 
examples include salts with alkali metals or alkaline 
earth metals, such as sodium, pocassium, calcium or 
magnesium or wich organic bases. 



30 



Tocal daily dose adminiscered co a hose in 
single or divided doses may be in amounts, for example, 
from 0.001 to 10 mg/kg body weight daily and more usually 
3 5 0.01 to 1 mg. Dosage unit compositions may concain such 
amouncs of submulciples thereof Co make up the daily 
dose . 



...e amount :: active ingredient: that may ce 
combined with the carrier materials to produce a single 
dosage form will vary depending upon -he hose created and 
the particular mode of administration. 

The dosage regimen for treating a disease 
condition with the compounds and/or compositions of this 
invention is selected in accordance with a variety of 
factors, including the type, age, weight, sex, diet and 
medical condition of the patient, the severity of the 
disease, the route of administration, pharmacological 
considerations such as the activity, efficacy, 
pharmacokinetic and toxicology profiles of the particular 
compound employed, whether a drug delivery system is 
utilized and whether the compound is administered as part 
of a drug combination. Thus, the dosage regimen actually 
employed may vary widely and therefore may deviate from 
the preferred dosage regimen set forth above. 

The compounds of the present invention may be 
administered orally, parenterally , by inhalation spray, 
rectally, or topically in dosage unit formulations 
containing conventional nontoxic pharmaceutical ly 
acceptable carriers, adjuvants, and vehicles as desired. 
Topical administration may aiso involve the use of 
transdermal administration such as transdermal patches or 
iontophoresis devices. The term parenteral as used 
herein includes subcutaneous injections, intravenous, 
intramuscular, intrasternal injection, or infusion 
techniques . 

Injectable preparations, for example, sterile 
injectable aqueous or oleaginous suspensions may be 
formulated according to the known art using suitable 
dispersing or wetting agents and suspending agents. The 
sterile injectable preparation may also be a sterile 
injectable solution or suspension in a nontoxic 
parenterally acceptable diluent or solvent, for example. 
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15 



20 
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as 5 sc.ucicn ir. - . i -butanedici . .--.cng the acceptable 
venicies and solvents that may ce empioved are vac- 
Ringer -s solution, and isotonic sodium chloride soiuc-r 
in 5adic - on ' sterile, fixed oils are conventional V 
employed as a solvent or suspending medium. Tor this 
purpose any bland fixed oil may be emploved includina 
syncnetic mono- or digiycerides . m addition, fatty" 
acids such as oleic acid find use in the preparation of 
iniectables . 

Suppositories for rectal administration of the 
drug can be prepared by mixing the drug with a suitable 
nomrritating excipient such as cocoa butter and 
polyethylene glycols which are solid at ordinary 
temperatures but ii=rui d at the rectal temperature and 
will therefore melt in the rectum and release the drug. 

Solid dosage forms for oral administration may 
include capsules, tablets, pills, powders, and granules 
in such solid dosage forms, the active compound may be 
admixed with at least one inert diluent such as sucrose 
lactose or starch. Such dosage forms may also comprise 
as m normal practice, additional substances other than 
mert ailuents, e.g., lubricating agents such as 
magnesium stearate. Zn the case of capsules, tablets, 
ana pills, the dosage forms may also comprise buffering 
agents. Tablets and pills can additionally be prepared 
with enteric coatings. 



Liquid dosage forms for oral administration may 
induce pharmaceutical^ acceptable emulsions, solutions 
suspensions, syrups, and elixirs containing inert 
diluents commonly used in the art, such as water. Such 
compositions may also comprise adjuvants, such as wettina 
j5 agencs < emulsifying and suspending agents, and 
sweetening, flavoring, and perfuming agents. 

While the compounds of the invention can be 



... e soie active pharmaceutical aaer.c . 

-hey can aiso ce used m combination with one or core 
immunomodulatcrs , antiviral agents or other ant i infective 
agents. For example, the compounds of the invention can 
be administered in combination with AZT, DDI, DEC cr with 
giucosidase inhibitors, such as N-bucyi-1- 
deoxynojirimycin or prodrugs thereof, for the proohviaxis 
and/or treatment of aids. when administered as a" 
combination, the therapeutic agents can_be formulated as 
separate compositions which are given at the same time or 
different times, or the therapeutic agents can be given 
as a single composition. 

The foregoing is merely illustrative of the 
invention and is not intended to limit the invention to 
the disclosed compounds. Variations and changes which 
are obvious to one skilled in the art are intended to be 
within the scope and nature of the invention which are 
defined in the appended claims. 

From che foregoing description, one skilled in 
the art can easily ascertain the essential 
characteristics of this invention, and without departing 
from the spirit and scope thereof, can make various 
changes and modifications of the invention to adapt it to 
various usages and conditions. 



